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I.  SUMMARY 


This  report  has  been  prepared  to  assist  in  the  analysis  of  the 
XM-Series  Hand-Held  Signals  which  were  developed  by  Picatinny  Arsenal, 
Dover,  New  Jersey.  The  analysis  is  to  be  made  during  a  ST  Review  to 
be  held  at  Picatinny  Arsenal  on  2  July  1963*  The  report  contains  a 
summary  of  major  events  in  the  development  of  the  signals  from  time  of 
program  initiation  to  the  present,  pertinent  materiel,  physical, 
operational,  and  performance  characteristics,  comparisons  of  several 
types  of  signals  and  other  significant  information,  data,  and  documents. 


II.  INTRODUCTION 


Preliminary  efforts  at  Picatinny  Arsenal  on  the  design  of  the 
XM144  Hand-Held  Ground  Signal  Series  was  authorized  and  commenced 
October  1959-  Full  scale  development  was  authorized  and  initiated  by 
OTCM  37402,  dated  26  May  i960.  This  OTCM  was  prepared  on  the  basis  of 
the  military  characteristics  presented  in  USCONARC  File  0019U1-6049, 
dated  10  March  1959,  and  called  for  the  development  of  the  following 
family  of  fourteen  signals: 

1.  Signal,  Illumination,  Ground,  Parachute 


a. 

Green  Star,  XM144 

b. 

Red  Star,  XM145 

c . 

White  Star,  XM146 

2. 

Signal,  Illumination,  Ground,  Cluster 

a. 

Green  Star,  XMl4j 

b. 

Red  Star,  XM148 

c . 

White  Star,  XM149 

3. 

Signal,  Smoke,  Ground,  Parachute 

a. 

Green,  XM150 

b. 

Red,  XM151 

c.  Yellow,  XM152 

d.  Violet  (No  numerical  designation  assigned) 

4.  Signal,  Smoke,  Ground,  Streamer 

a.  Green,  XM153 

b.  Red,  XM15^ 

c .  Yellow,  XM155 

d.  Violet  (No  numerical  designation  assigned) 

Other  recommendations  for  the  initiation  of  the  development  of 
the  XMlM^  Signal  Series  are  recorded  in  the  following  correspondence: 

1.  USCONARC  letter  OO/8-IOI56-OUO,  dated  30  July  1958, 
referring  to  USA,  Arctic  Test  Board  Project  No.  ATB  h-57 • 

2.  0C0  letter  ORDTS  00/8-13538-0U0,  dated  22  October  1958, 
referring  to  USCONARC  letter  00/8-128lk-0U0 . 

3.  0C0  letter  ORDTS  00/800-33231,  dated  3  December  1958, 
referring  to  the  USA  Infantry  Board,  letter  00/8U1-33120,  dated 

2k  November  1958. 

4.  0C0  letter  ORDTS  0O/9-1383-0U0,  dated  3  February  1959, 
referring  to  USCONARC  letter  00/9-79^-0U0,  dated  5  January  1959* 

5.  0C0  letter  ORDTS  0O/9-5586-OUO,  dated  l4  May  1959, 
referring  to  USCONARC  file  00/9-5297-OUO,  dated  20  April  1959- 

6.  0C0  letter  ORDTS  00/9U1-12655,  dated  7  October  1959, 
referring  to  USA  Arctic  TeBt  Board  Report  of  Test  of  Project  No. 

ATB  259,  dated  26  August  1959- 

In  19^7,  the  Army  Field  Forces  conducted  a  limited  evaluation 
of  hand-held  rocket-type  signals  for  employment  in  visual  ground- to 
ground  and  ground-to-air  signaling  and  to  provide  temporary  close-in 
illumination  for  individuals  and  small  units.  They  concluded  that  signals 
which  did  not  require  a  weapon  or  special  projector  were  a  decided 
improvement  over  standard  signals  that  were  weapon  launched.  Military 
characteristics  for  these  signals  were  approved  in  19^8  and  revised  in 
1950.  After  the  initial  service  testing  in  1952,  the  fin-stabilized 
T71  Signal  Series  were  classified  standard  and  designated  the  M125 
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Signal  Series.  At  approximately  the  same  time,  the  initiation  of 
development  of  additional  signals,  the  T133  Signal  Series,  completed 
the  family. 

In  1954,  erratic  flight  performance  of  the  M127  White  Star 
Parachute  Signal  caused  the  suspension  from  issue  of  all  types  of 
hand-held  signals.  In  subsequent  testing,  however,  certain  lots  of 
modified  standard- type  signals  have  been  found  acceptable  for  Army  use 
on  an  interim  basis.  Efforts  are  continuing  to  complete  the  modifica¬ 
tion  of  all  signals  in  the  family  to  make  them  acceptable  on  an 
interim  basis . 

The  new  family  of  signals  (XM144  Signal  Series)  was  designed  to 
alleviate  many  of  the  deficiencies  now  occurring  in  the  M125  and  T133 
Signal  Series  (e.g.  erratic  flight  and  spark  trails  at  launch)  by 
utilizing  spin  stabilization  and  new  advances  in  the  fields  of  solid 
rocket  propellants  and  pyrotechnic  compositions. 


III.  PROGRAM  HISTORY 


1.  Initial  Design  Concepts  (October  1959) 

Development  of  the  XM144  Series  Signals  was  initiated 
because  of  USCONARC's  desire  for  a  signal  that  would  eliminate  such 
major  deficiencies  of  the  Standard  M125  and  T133  Signal  Series  as 
erratic  flight,  position-disclosing  smoke  and  spark  trails  at  launch, 
and  low  altitude  of  functioning.  The  advantages  of  the  new  signal 
series  were  to  include  improved  flight  stability,  elimination  of  the 
smoke  and  luminous  trails  at  launch,  increased  height  of  burst, 
increased  flare  burning  times,  and  improved  color  definition  of  all 
illuminant  and  smoke  components. 

In  order  to  improve  the  flight  stability,  increase  the 
height  of  burst,  and  eliminate  the  smoke  and  luminous  trails  at  launch, 
it  was  decided  to  utilize  the  spin  stabilization  principle  of  flight 
instead  of  the  fin  stabilization  principle  presently  used  for  the 
standard  signals .  In  addition  to  providing  the  necessary  thrust 
required  for  satisfactory  stabilization,  the  rocket  motor  would 
incorporate  a  high  energy  double-base  propellant  exhausting  through 
two  small  canted  nozzles  which  would  eliminate  the  smoke  and  spark 
trails  at  launch.  The  standard  signals  were  propelled  by  a  black 
powder  motor  which  is  responsible  for  the  objectionable  smoke  and 
spark  trails .  A  further  advantage  of  the  high  energy  double-base 
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propellant  was  that  It  would  permit  a  reduction  in  the  motor  length, 
thereby  providing  more  space  for  the  message  component.  The 
propellant  grain  was  designed  to  meet  the  following  criteria: 

a.  Highest  possible  propellant  loading  density  and  total 
impulse  with  minimum  size  and  weight. 

b.  Highest  energy  standard  smokeless  propellant . 

c.  Easiest  configuration  for  ignition. 

d.  Burning  time  between  1  and  2  seconds,  consistent  with 
above  considerations  and  with  reasonable  size  nozzle  throat  diameter. 

High  Energy  N-12  Propellant  was  selected  because  it  is  a  standard 
propellant  manufactured  in  large  quantities  for  a  large  variety  of 
rocket  systems.  The  solid  end  burning  cylinder  configuration  was 
chosen  because  it  offered  maximum  loading  density  and,  therefore, 
maximum  total  impulse  in  a  minimum  of  space.  It  also  gave  rise  to  a 
strategic  position  for  the  exposed  propellant  surface  to  be  impringed 
upon  by  the  hot  gases  of  the  expulsion  charge  far  ignition.  These 
factors  as  well  as  the  high  energy  level  of  the  propellant  facilitated 
ignition.  The  propellant  surface  area  of  this  configuration  required 
nozzle  throat  diameters  of  reasonable  size  consistent  with  a  good 
mass  rate  of  discharge.  The  burning  time  resulting  from  the  combination 
of  all  above  factors  was  nearly  ideal.  Absolute  neutrality  of  burn¬ 
ing  was  also  characteristic  of  the  design  and  made  for  efficient 
operation. 

Various  signal  designs  were  studied,  their  physical  dimensions 
being  governed  by  the  operational  characteristics  established  by 
USCONARC.  It  was  finally  decided  to  design  the  signals  so  that  they 
could  be  fired  from  the  same  launcher -igniter  assembly  used  for  the 
M131  Red  Star  Distress  Signal  which  had  previously  proven  satisfactory. 
The  selection  of  the  M131  Launcher-Igniter  Assembly  was  also  governed 
by  the  method  of  firing,  which  was  not  considered  objectionable,  as 
was  the  method  of  firing  the  standard  M125  Signals.  In  addition,  the 
final  design  was  based  on  the  need  for  a  signal  which  would  produce  the 
desired  characteristics  of  flight  when  fired  from  the  launcher  assembly. 
These  characteristics  would  be  producedby  the  M131  Launcher-Igniter 
Assembly. 

The  basic  design  established  for  the  parachute  and  cluster  signal 
was  a  two- stage  unit,  the  first  stage  consisting  of  the  rocket  motor 
and  signal  body,  and  the  second  stage  consisting  of  the  message 
component.  Initial  spin  required  for  launch  stability  of  the  signals 
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was  expected  to  be  obtained  by  two  aluminum  pins  located  180  degrees 
apart  which  would  ride  in  the  grooves  of  the  launcher.  The  launcher- 
igniter  assembly  would  contain  an  expelling  charge  which  would 
simultaneously  expel  the  signal  with  the  velocity  required  for 
stability  and  ignite  the  rocket  motor.  The  rocket  motor  would  then 
burn  for  the  time  required  to  attain  an  average  height  of  750  feet. 

After  burnout,  the  propellant  would  ignite  a  delay  column  which  would 
burn  for  the  time  required  to  reach  apex  of  flight.  At  apex,  delay'  burnout 
would  occur  and  ignite  an  expelling  charge  which  would  simultaneously 
ignite  and  expel  the  message  component.  The  basic  design  of  the 
smoke  streamer  signals  consisted  of  a  single-stage  unit  which  would 
emit  smoke  from  launch  to  ground  return.  The  smoke  composition  would 
be  pressed  directly  into  the  signal  body  and  be  ignited  by  two 
strands  of  quickmatch,  which  in  turn  would  be  ignited  by  the  expelling 
charge . 

With  respect  to  the  illuminant  and  smoke  producing  components, 
it  was  decided  to  conduct  an  extensive  investigation  designed  to 
provide  the  best  signal  elements  that  the  state  of  art  could  produce. 

The  basic  parachute  design  previously  established  for  similar 
signals  was  expected  to  function  satisfactorily  in  the  new  series 
signals. 


2 .  Plcatinny  Arsenal  Test  Program,  ED  Phase  (April  I96O- 
June  1961) 

a .  Rocket  Seizure  in  Launcher  Tube  and  Design  Changes. 
During  initial  testing,  5  of  17  signals  failed  to  eject  from  the 
launcher  tubes .  Examination  of  the  malfunctioning  signals  showed  that 
the  signal  body  guide  pins  were  riding  out  of  the  launcher  rifling 
grooves,  causing  the  signal  rocket  to  jam  in  the  launcher  tube.  To 
eliminate  this  condition,  a  special  Jig  was  designed  to  insert  the 
two  guide  pins  equally  deep  and  obtain  a  constant  surface-to-surface 
dimension  (1.556-.004-  inch).  The  pins  were  located  in  the  same 
transverse  plane  on  l80°  centers .  Further,  an  additional  preventive 
measure  was  taken  by  utilizing  guide  pins  manufactured  from  softer 
material.  Since  the  launcher  tube  was  considerably  harder  than  the 
pins,  they  could  not  cut  through  the  rifling  grooves  even  if  not 
positioned  properly.  Originally,  17S-T4  aluminum  guide  pins  were 
used.  By  annealing  these  pins  dead  soft,  the  malfunction  rate  was 
reduced  to  2  signals  of  666  tested.  Replacing  the  17S-T4  aluminum 
pins  with  2S-H18  aluminum  pins  completely  solved  the  problem,  no 
malfunctions  occurring  in  tests  of  817  signals. 

b.  Parachute  Modifications ■  Repeated  failures  of 
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parachutes  to  properly  deploy  upon  ejection  from  the  signal  rocket 
assembly  at  the  zenith  of  flight  prompted  a  static  ejection  test 
program.  An  available  50-foot  observation  tower  was  utilized;  the 
test  items  were  mounted  in  a  rigid  fixture  and  fired  from  the  top 
platform.  For  the  parachute  design  with  a  ballistic  failure  rate  of 
66#  (4l  parachute  failures  of  62  tested),  all  parachutes  functioned 
satisfactorily  when  tested  statically.  From  this  data  and  previous 
data  provided  by  the  M125  Series  Signal  and  M131  Signal  programs,  it 
was  concluded  that  the  rapid  spin  of  the  signal  at  apex  was  the  major 
cause  of  failure.  Various  approaches  to  the  problem  was  attempted 
and  an  eventual  solution  was  reached  by  pleating  the  canopy  to  permit 
more  rapid  deployment,  replacing  the  asbestos  riser  by  a  beaded  metal 
chain  to  prevent  the  spin  of  the  pyrotechnic  component  from  being 
transmitted  to  the  parachute,  and  packing  the  parachute  into  a  cloth 
bag  to  delay  parachute  deployment  until  the  burning  pyrotechnic 
element  is  clear  of  the  parachute.  Of  112  signals  tested  incorporating 
the  new  parachute  design,  6  parachutes  malfunctioned.  However, 
four  of  these  malfunctions  were  due  to  mechanical  failures  such  as 
the  separation  of  the  shroud  from  the  canopy,  thereby  causing  the 
canopy  to  collapse,  and  the  breaking  of  the  static  line  attaching  the 
parachute  bag  to  the  signal  body,  thus  preventing  the  bag  from 
releasing  the  parachute. 

c .  Premature  "Message"  Ejection  and  Its  Correction. 

On  occasion,  the  gases  produced  by  the  propellant  grain  leaked  around 
the  delay  column  threads,  causing  ignition  of  the  black  powder  expel¬ 
ling  charge,  resulting  in  premature  explus ion  of  the  "message" 
component.  This  problem  was  solved  by  increasing  the  number  of  female 
threads  in  the  rocket  motor  closure  head  resulting  in  a  greater  thread 
engagement  and  a  tighter  gas  seal. 

d.  Rocket  Motor  Improvements .  One  of  the  parameters 
required  for  successful  flight  was  that  propellant  grain  ignition  must 
be  acconplished  within  0.09  second  of  firing.  To  meet  this  requirement, 
an  igniter  assist  was  required  for  successful  grain  ignition.  The 
igniter  assist  initially  selected  was  composed  of  four  strands  of  Eimite 
and  four  strands  of  Benite .  This  device  functioned  marginally,  30  of 
400  signals  tested  exhibiting  delayed  or  non-ignition  of  the  propellant 
grain.  Examination  of  the  "non- ignition"  grains  showed  that  the 
Benite  failed  to  ignite.  Increasing  the  ignitability  of  the  Benite 

by  coating  each  strand  with  a  very  ignitable  first  fire  slurry  signif¬ 
icantly  reduced  the  number  of  delayed  or  non- ignitions  to  11  of  63O 
signals  tested.  The  problem  was  eventually  solved  by  relocating  the 
position  of  the  Benite  on  the  grain,  eliminating  the  four  strands  of 
Eimite,  and  completely  coating  the  exposed  surface  of  the  grain  with 
a  0.035-inch- thick  layer  of  first  fire  slurry.  Of  470  rounds  tested. 
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no  delayed  or  non- ignitions  have  occurred.  Static  tests  have 
Indicated  an  ignition  delay  of  0.03  second,  well  below  the  maximum 
requirement  of  0.09  second. 

e.  Star  Cluster  Rewoi'k.  Star  clusters  utilizing 
newly  developed  compositions  were  initially  designed  to  resemble  the 
clusters  used  in  the  Standard  M125  Signal  Series.  When  tested  in  the 
XM144  Signal  Series,  however,  the  clusters  burned  erratically  and 
their  burning  time  was  considerably  below  the  minimum  requirement  of 
six  seconds.  Since  the  cluster  burned  satisfactorily  when  tested  in 
the  M125  Signal  Series,  it  was  deduced  that  the  spin  imparted  to  the 
clusters  by  the  new  signal  series  was  harming  their  burning  characteris¬ 
tics.  Various  approaches  to  develop  satisfactory  burning  clusters 

were  attempted, including  the  following:  direct  pressing  of  the 
composition  into  paper  cases,  pre-pelleting  and  subsequent  insertion 
into  paper  cases,  varying  the  compositions  and  dimensions  of  the  pellets, 
varying  the  internal  surface  coating  of  the  paper  cases,  and  redesign¬ 
ing  the  cluster  assemblies  to  allow  for  directional  burning.  Of  180 
signals  incorporating  clusters  containing  one  or  more  of  the  above 
modifications,  all  failed  to  function  properly.  A  solution  waB 
eventually  reached  by  pre-pelleting  and  inhibiting  each  pellet  by  wrap¬ 
ping  it  with  glass  cloth  thermosetting  electrical  tape  in  place  of 
the  kraft  paper  cases  previously  used.  Of  150  signals  tested,  all  of 
the  newly  designed  star  clusters  functioned  properly,  burning  for 
approximately  8  seconds.  The  failure  of  the  rocket  assembly  to  eject 
all  five  star  clusters  was  solved  by  increasing  the  black  powder  expel- 
ing  charge  from  0.8  gram  to  2.0  grams  and  inserting  a  gas  check 
assembly  between  the  expelling  charge  and  star  clusters. 

f.  Preliminary  Environmental  Tests.  Prior  to  the 
shipment  of  ET  quantities  of  signals  to  Aberdeen  Proving  Ground,  a 
total  of  265  signals  incorporating  all  the  design  features  of  the  ET 
signals  were  tested  locally  after  being  subjected  to  the  following 
environmental  conditions:  ambient  temperature,  -65°F>  /  l6o°P; 
transportation-vibration;  temperature-humidity  cycling  and  fired  at 
-65°F,  ambient  and  /  l60°F;  and  simulated  air  drop.  The  signals 
subjected  to  temperature-humidity  cycling  and  fired  at  -65°F  were 
tested  statically.  All  other  signals  were  tested  ballistically.  Test 
results  revealed  no  deleterious  effects  of  the  above  test  conditions 
on  the  functioning  characteristics  of  the  signals.  In  addition,  20 
signals  were  subjected  to  Jolt,  jumble,  and  5o-ft  drop  tests.  These 
signals  were  not  fired  but  failed  safe  as  required. 

3.  ED-ET  Review  Meeting  (September  i960) .  In  accordance 
with  OCTI  200-2-59>  dated  i.4  January  l95£>  a  Materiel  Research  and 
Development  Review  covering  the  MX144  Signal  Series  was  held  at 
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Picatinny  Arsenal  on  21  September  i960.  In  addition  to  various 
Arsenal  personnel,  representatives  from  the  following  agencies  were 
in  attendance:  Office,  Chief  of  Ordnance;  U.  S.  Army  Infantry  Board; 
Headquarters,  Ordnance  Special  Weapons-Ammunition  Command;  and 
Ordnance  Ammunition  Command. 

The  purpose  of  the  meeting  was  to  determine  the  acceptability 
of  the  design  of  the  XM144  Signal  Series  prior  to  their  release  for 
final  Engineering  Testing  at  the  various  proving  grounds .  This 
decision  was  to  be  based  upon  its  ability  to  meet  the  requirements 
listed  in  the  Military  Characteristics. 

Detailed  reports  and  documents  discussing  the  local  test 
results  and  describing  the  functioning  characteristics  of  the  signals 
were  presented  by  representatives  of  Picatinny  Arsenal.  These 
reports  showed  that: 

a.  Engineering  design  activities  on  the  XM144  Signal 
(not  including  smoke  streamer  signals)  series  had  been  completed  and 
the  item  could  be  released  for  Engineering  Tests. 

b.  Rounds  for  Engineering  Tests  could  be  delivered  to 
Aberdeen  Proving  Ground  by  15  Nov  i960. 

c.  The  Engineering  Design  phase  of  the  Smoke  Streamer 
Signals  would  be  completed  by  31  December  i960. 

d.  A  number  of  signals  containing  a  modified  igniter 
assembly  incorporating  a  squeeze  type  firing  mechanism  in  place  of 

the  pull  cord  mechanism  would  be  hand  fired  at  Aberdeen  Proving  Ground . 

As  a  result  of  the  demonstration  and  the  discussions  held 
during  the  meeting,  the  various  attendees  were  requested  to  give  their 
opinion  as  to  the  acceptability  of  the  item  and  their  recommendations . 
In  all  cases,  those  present  indicated  that  they  believed  the  item  was 
satisfactory  for  shipment  to  the  various  proving  grounds  to  complete 
the  ET  phase. 


4.  First  Aberdeen  Proving  Ground  Test  Program,  ET  Phase 
(July  1961  to  August  196l). 

a.  Test  Objective.  To  determine  whether  the  signals 
meet  the  Military  Characteristics  established  by  OTCM  37402,  dated 
26  May  i960  (Appendix  I) .  Various  numbers  of  each  of  the  fourteen 
signals  evaluated  were  subjected  to  a  battery  of  safety  field  tests 
which  included  water  immersion,  temperature -humidity,  constant 
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temperature  (ambient,  /  l6o°P  and  -65°F)  and  transportation- 
vibration  . 


b.  Test  Results.  Summaries  of  the  test  results 
and  round-by-round  data  were  tabulated  in  Aberdeen  Proving  Ground 
Report  No.  DPS -375 • 


c.  Proving  Ground  Comments  and  Conclusions. 

(1)  The  color  of  the  smoke  and  stars  was  as 
prescribed  excepti.cn  for  the  white  star,  which  had  a  yellow  tinge. 

(2)  The  series  of  signals  XM144  through 
XM-Violet  (parachute),  when  subjected  to  a  28-day  temperature- 
humidity  test  and  fired  at  -65°F,  showed  a  tendency  for  the  rocket 
motor  to  blow  up. 


(3)  The  XM146  Signal  failed  to  ignite  after 
being  subjected  to  /  l6o°F  for  an  extended  period. 

(4)  lhe  average  altitude  of  function  for 
the  star  cluster  was  less  than  675  feet. 

(5)  The  average  altitude  of  function  of  the 
star  cluster  when  fired  at  an  angle  of  45  degrees  was  less  than  400 
feet. 

(6)  The  angle  of  functioning  from  the 
vertical,  of  the  star  clusters,  exceeded  10  degrees. 

(7)  Erratic  flights  were  obtained  for  the 
star  clusters  and  the  smoke  streamers. 

(8)  The  parachutes  would  not  release  prop¬ 
erly  from  the  parachute  bag. 

(9)  The  flash  at  the  launching  position  was 
visible  at  night  from  an  altitude  of  6,000  feet  and  a  distance  of 

5  miles.  Ground  observers  noted  flash  from  a  distance  of  1,000 
yards . 


(10)  The  XM  Signals  Series  did  not  meet 
all  Military  Requirements. 

5>  First  ST  Review  Meeting  (September  1961)  .  The  first 
ST  Review  meeting  was  held  at  Pica tinny  Arsenal  in  September  1961. 
In  addition  to  representatives  from  various  segments  of  Picatinny 
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Arsenal,  other  government  agencies  were  in  attendance.  The  latter 
included  Office,  Chief  of  Ordnance,  Aberdeen  Proving  Ground,  U.  S. 

Army  Infantry  Board,  and  Ordnance  Special  Weapons -Ammunition  Command 
Headquarters . 

A  review  was  made  that  explained  the  operational  characteris¬ 
tics  of  the  signals,  with  particular  emphasis  on  the  component  parts 
which  performed  poorly  during  Engineering  Test  at  Aberdeen  Proving 
Ground.  These  were  summarized  according  to  the  type  of  malfunction, 
the  number  of  rounds  tested  at  Picatinny  Arsenal  and  Aberdeen  Proving 
Ground,  and  the  total  number  of  malfunctions  occurring  at  each 
installation. 

The  types  of  deficiencies  noted  at  APG  included  the  following: 

a.  Parachute  malfunctions  (25  of  323  signals) 

b.  Candle  non-ignition  at  l60°P  (29  of  130  signals) 

c.  Delay  non- ignition  at  l6o°F  (4  of  70  signals) 

d.  Rocket  motor  blows  at  -65°F  after  temperature- 
humidity  cycling  (10  of  1 6  signals) 

e.  Poor  ignition  qualities  of  propellant  grain  (50 
of  240  signals) . 

f.  White  star  candle  separation  (l4  of  44  signals) 

The  reasons  for  each  of  the  above  malfunctions  and  the 
modifications  required  to  prevent  them  were  discussed.  As  reported, 
th'  only  malfunction  not  satisfactorily  resolved  at  the  time  of  the 
review  was  the  motor  blows  at  -65°F  after  temperature-humidity 
cycling.  However,  the  approaches  being  taken  to  resolve  the  motor 
blow  problem  were  discussed. 

At  the  end  of  the  meeting  all  attendees  agreed  that  the 
ST  shipment  of  the  signals  would  be  delayed  three  months  to  permit 
a  retest  at  Aberdeen  Proving  Ground.  It  was  recommended  that  the 
signals  be  reworked  to  correct  the  existing  deficiencies  and  that 
additional  samples  be  furnished  for  further  testing,  specifically 
under  the  test  conditions  at  which  the  deficiencies  occurred.  The 
test  program  outlined  was  to  enable  APG  to  recommend  all  the  rounds 
for  service  test  based  on  successful  completion  of  the  retest. 

It  was  also  agreed  that  all  signals  designated  for 
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Environmental  Testing  at  Yuma  Test  Activity  and  Fort  Wainwright  be 
recalled.  These  signals  would  be  replaced  by  an  equal  number 
containing  the  latest  modifications. 

Because  of  the  poor  visibility  of  the  smoke  streamer  signals 
to  aircraft  observers,  Picatinny  Arsenal  recommended  that  the  Military 
Requirements  for  these  signals  be  modified  to  allow  for  a  denser  smoke 
trail  which  could  be  produced  by  a  faster  burning  smoke  composition. 

It  was  stressed  that  this  would  limit  the  smoke  production  from  launch 
to  apex  (the  requirement  called  for  smoke  from  launch  to  ground 
return).  Signals  containing  this  modification  would  be  included  in 
the  APG  retest.  Tentative  agreement  on  this  was  reached. 

6.  Second  Aberdeen  Proving  Ground  Test  Program,  ET  Phase 
(December  1961 )~ 

a.  Test  Objective.  To  determine  the  acceptability  of  the 
XM  Signal  Series,  based  on  the  testing  of  a  number  of  signals  of  one 
type  from  each  of  the  four  groups. 

b.  Design  Improvements  Since  Last  Test. 

(l)  Rocket  Motor.  Initial  Aberdeen  Proving  Ground 
tests  of  the  smoke  parachute  and  star  parachute  signals  produced  10 
rocket  motor  explosions  in  the  16  signals  tested  at  -65°F  after  28 
days  of  temperature-humidity  cycling.  These  malfunctions  occurred 
only  after  the  rounds  were  subjected  to  the  above  test  conditions. 
Subsequent  investigation  at  Picatinny  Arsenal  indicated  that  the  0 
ring,  which  was  incorporated  to  protect  the  exposed  upper  face  of  the 
grain  from  being  prematurely  ignited,  did  not  provide  a  proper  gas 
seal  after  the  round  was  cycled  and  fired  at  -65°F.  Consequently, 
the  exposed  face  of  the  grain  designed  to  ignite  the  delay  column 
after  burnout  was  prematurely  ignited.  The  pressure  produced  by  the 
propellant  grain  burning  on  two  surfaces  was  too  great  for  the  metal 
parts  to  withstand,  and  the  motor  blows  resulted.  This  problem  was 
solved  by  redesigning  the  motor  assembly  to  eliminate  the  dual  function 
of  the  propellant  grain,  that  is,  to  propel  the  signal  and  also  serve 
as  part  of  the  delay  train.  The  grain  was  redesigned  to  provide  for 
propulsion  only  by  inhibiting  its  upper  face.  The  motor  was  redesigned 
by  plugging  the  opening  previously  provided  for  the  delay  column  and 
incorporating  quickmatch  to  ignite  the  delay  independently  of  the 
grain.  A  total  of  2k  rounds  containing  this  latest  modification  were 
cycled  and  tested  at  -65°F  at  Picatinny  Arsenal.  All  rounds  functioned 
successfully. 


(2)  Launcher  Recoil.  Throughout  the  development  of 
the  XM  Signal  Series,  various  methods  of  firing  were  considered  in  an 
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attempt  to  minimize  the  effect  of  recoil  on  the  flight  performance 
of  the  signals.  Two  methods  were  eventually  evaluated,  the  first 
being  the  standard  firing  technique  previously  developed  for  the 
M131  Red  Star  Distress  Signal,  This  method  required  for  the  signal 
to  he  held  in  one  hand  while  the  other  hand  fired  the  signal  by 
pulling  a  lanyard.  An  alternate  method  was  to  adapt  a  squeeze-type 
mechanism  to  the  signal  to  enable  the  firer  to  grasp  the  signal  with 
two  hands  at  the  time  of  firing.  Evaluation  of  both  methods  at 
Aberdeen  Proving  Ground  did  not  indicate  either  method  to  be  superior . 
Subsequently,  it  was  found  that  by  knurling  the  outside  surface  of 
the  launcher  tube,  the  ability  of  using  personnel  at  Picatinny 
Arsenal  to  grip  the  launcher  during  firing  was  so  improved  as  to  make 
the  standard  firing  method  superior  to  the  squeeze-type  method. 

Three  of  five  signals  utilizing  the  squeeze-type  method  recoiled 
out  of  the  firer' s  hands.  No  loss  of  signals  occurred  with  the 
knurled- lanyard  type.  Hence,  no  further  design  change  was  considered. 

(3)  Flight  Characteristics.  In  an  attempt  to 
simplify  the  application  of  the  igniter  assist  to  the  propellant 
grain,  the  Benite  was  replaced  by  an  equivalent  weight  of  black 
powder  (Grade  A-7)  blended  directly  into  the  slurry.  This  modified 
igniter  assist,  which  was  satisfactorily  proven  out  as  reliable  at 
Picatinny  Arsenal,  was  applied  to  the  grains  of  all  star-cluster  and 
smoke-streamer  signals  shipped  to  Aberdeen  Proving  Ground.  An 
investigation  of  the  cause  of  the  erratic  flights  at  Aberdeen  Proving 
Ground  indicated  that  the  homogeneity  of  the  slurry  was  poor  due  to 
segregation  of  the  black  powder  ingredient.  This  resulted  in  a 

poor  functioning  igniter  assist  which  caused  excessive  ignition  delays 
of  the  propellant  grain  and  resulted  in  the  high  incidence  of  erratic 
flights.  Since  sufficient  time  was  not  available  to  refine  the 
blending  techniques  required  to  maintain  the  slurry  at  uniform 
consistency,  it  was  decided  to  revert  to  the  previous  igniter  assist 
system  of  Benite  plus  first  fire  slurry. 

(4)  Parachute .  Of  the  25  parachute  malfunctions 
occurring  during  the  first  Engineering  Testing  at  Aberdeen  Proving 
Ground,  approximately  90#  were  due  to  one  of  the  following  causes: 
parachutes  not  being  released  by  their  cloth  bag  housings  because 
the  static  line  attaching  the  bag  to  the  signal  body  either  pulls  out 
of  the  bag  or  breaks;  and  separation  of  the  parachute  shroud  lines 
from  the  canopy  at  time  of  opening,  causing  the  parachute  to  collapse. 
These  problems  were  rectified  by  increasing  the  size  of  the  bag, 
permitting  easier  exit  of  the  parachute  and  improved  sewing  technique 
of  the  shroud  lines  to  the  canopy  and  static  line  to  the  bag.  Of 

the  100  rounds  tested  at  Picatinny  Arsenal  containing  this  modified 
parachute  assembly,  only  2  failed  to  function  properly.  Neither  of 
these  failures  was  caused  by  any  of  the  malfunctions  described  above. 
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One  failure  was  the  result  of  the  candle  colliding  with  the  parachute's 
canopy;  the  other  was  the  result  of  the  shroud  lines  wrapping  themselves 
around  the  canopy.  Prom  past  experience  with  similar  designs,  a  small 
percentage  of  malfunctions  of  these  types  were  expected  as  a  result  of 
chance  alone,  consequently  no  effort  was  directed  towards  their 
solution. 


(5)  Candle  Ignition.  The  first  test  results  at 
the  Proving  Ground  on  the  illuminant  parachute  signals  conditioned  at 
l6o°P  showed  that  13  of  29  candles  failed  to  ignite.  Investigation  of 
the  problem  at  Picatinny  Arsenal  revealed  the  cause  to  be  the  diffusing 
of  wax  from  the  case  coating  into  the  first  fire,  rendering  it  inert. 

The  solution  of  this  problem  was  found  in  substituting  a  relatively  high 
melting  point  mixture  of  paraffin  wax  and  polyethylene  in  place  of  the 
paraffin  wax  previously  used.  Of  the  33  rounds  subsequently  tested  at 
Picatinny  Arsenal,  no  failures  occurred. 

(6)  Candle  Assembly.  The  use  of  filter  paper  as 
a  flare  case  provided  a  flare  whose  candlepower  was  more  than  50$ 
greater  than  flares  with  similar  compositions  in  kraft  paper  cases. 
However,  the  filter  paper  burned  too  fast,  permitting  the  last  increment 
of  the  flare  composition  to  fall  free.  This  malfunction,  which 
occurred  with  14  of  the  44  flares  tested  at  Aberdeen  Proving  Ground, 
was  eliminated  by  cementing  the  last  increment  of  composition  to  the 
anchor  plate  with  epoxy  resin.  Of  the  89  flares  tested  at  Picatinny 
Arsenal  which  contained  this  latest  improvement,  no  malfunctions  were 
encountered. 


(7)  Streamer  Visibility.  During  the  Service  Test 
Review  Me'etirig  <of.  7  Sep’  l^SlprtbdspoiFTvisibiiityz'to  aircraft  observers 
of  streamer  signals  emitting  smoke  from  launch  to  ground  return  in  compli¬ 
ance  with  the  Military  Characteristics  was  discussed.  Picatinny  Arsenal 
recommended  that  the  signals  be  modified  to  allow  for  a  denser  smoke 
trail  by  utilizing  faster  burning  smoke  compositions.  It  was  pointed 
out  that  this  change  would  limit  the  smoke  production  from  launch  to 
apex  whereas  the  requirement  called  for  smoke  from  launch  to  ground 
return.  All  attendees  at  the  meeting  concurred  with  this  recommendation 
and  agreed  to  include  this  modification  in  the  streamer  signals  manufac¬ 
tured  for  the  retest. 

c .  Test  Results ■  Summaries  of  the  test  results  and 
round-by-round  data  were  tabulated  in  Aberdeen  Proving  Ground  Report 
No.  DPS-479  . 


d.  Proving  Ground  Conclusions.  The  XM  Signal  Series 
failed  to  meet  the  military  requirements  because  of  low  altitude  of 
functioning,  parachute  failures,  and  unstable  f lights. 
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e.  Proving  Ground  Recommendations.  It  was 
recommended  that,  after  the  signals  were  reworked,  additional 
signals  of  each  of  the  types  XM146,  XM149,  XM151,  and  XM153  be 
submitted  for  retest.  These  signals  would  be  hand  fired  at  ambient 
temperature . 

7-  Third  Aberdeen  Proving  Ground  Test  Program,  ET  Phase 
(February  1962). 

a.  Test  Objective.  To  determine  the  acceptability 

of  the  XM  Signal  Series  based  primarily  on  the  altitudes  of  function¬ 
ing  of  a  number  of  signals  from  one  type  of  each  group. 

b.  Background.  A  test  to  supplement  the  original 
engineering  test  plan  had  been  conducted  at  Aberdeen  Proving  Ground. 
Test  results  showed  the  major  deficiency  of  the  signals  to  be  low 
altitudes  of  function  when  hand  fired.  A  conference  was  held  by 
representatives  of  the  Proving  Ground  and  Picatinny  Arsenal  to 
consider  the  cause  and  remedy  for  the  low  altitudes  of  function.  It 
was  decided  to  increase  the  length  of  the  rocket  motor  grain  and 

to  submit  an  additional  number  of  signals  to  Aberdeen  Proving  Ground 
for  test  to  determine  if  the  increase  would  enable  the  signal  to 
attain  the  prescribed  altitude  when  fired  by  hand.  The  grain 
length  was  increased  from  1.0  inch  to  1.1  inch  for  the  XM146,  XM14-9, 
and  XM153  signals,  and  from  0.9  inch  to  1.0  inch  for  the  XM151 
signals. 


c .  Test  Results.  Summaries  of  the  test  results  and 
round-by-round  data  were  tabulated  in  Aberdeen  Proving  Ground  Report 
No.  DPS-555.  In  addition  it  was  noted  that  the  smoke  streamers, 
which  were  redesigned  to  emit  smoke  from  launch  to  apex,  were  not 
visible  from  an  altitude  of  2,000  feet  and  from  a  distance  of  2.5 
miles .  Observations  were  made  both  looking  toward  the  sun  and  with 
the  sun  at  the  observer's  back. 

d.  Proving  Ground  Conclusions. 

(1)  The  XM149  White  Star  Cluster  Signal  met  all 
the  military  requirements  except  those  of  the  environmental  test, 
which  had  not  been  conducted  at  the  time,  but  would  be  in  the  summer 
of  1962  and  winter  of  1962-1963.  The  same  conclusion  applied  to 
the  XM151  Red  Parachute  Smoke  Signal. 

(2)  The  XM153  Green  Streamer  Smoke  Signal,  as 
modified  by  Picatinny  Arsenal  (smoke  from  launch  to  apex),  was  not 
visible  to  air  observers  as  required.  It  met  the  other  military 


requirements,  except  those  of  the  environmental  test,  which  had  not 
been  conducted  but  would  be  performed  as  noted  above. 

(3)  The  XM146  White  Star  Parachute  Signal  did  not 
meet  the  military  requirements  because  of  candle  ignition  failures, 
parachute  failure®?s*od  "message'*  e jfebtion  failure. 

(4)  The  angle  of  function  from  vertical  exceeded 
10  degrees  because  the  firer  had  not  held  the  signal  erect. 

e.  Proving  Ground  Recommendations. 

(1)  The  XM147,  XM148,  and  XM149  Star  Cluster 
Signals,  the  XM150,  XM151,  XM152,  and  XM-Violet  Parachute  Smoke  Signals, 
and  the  XM153,  XM154,  XM155>  and  XM-Violet  Streamer  Smoke  Signals 
should  be  released  for  service  test  prior  to  conducting  the 
environmental  test. 


(2)  The  XM153,  XM154,  XM155,  and  XM-Violet 
Streamer  Smoke  Signals,  as  modified,  should  only  be  released  to  the 
user  for  an  evaluation  test  prior  to  conducting  the  environmental  test. 

(3)  The  XM144,  XM145,  and  XM146  Star  Parachute 
Signals  should  be  reworked.  A  closer  Inspection  should  be  made  of 
the  assembly  and  the  reworked  items  should  then  be  resubmitted  for 
further  test. 


8.  Fourth  Aberdeen  Proving  Ground  Test  Program,  ET  Phase 
(March  1962)7 

a.  Test  Objective.  To  determine  the  acceptability  of 
the  XM144,  XM145,  and  XM146  Star  Parachute  Signals. 

b .  Design  Improvements  Since  Last  Test. 

(1)  Candle -Parachute  Assembly  Ejection.  One 
possible  explanation  for  the  failure  of  the  candle -parachute  assembly 
to  eject  was  that  the  paper  disc  confining  the  black  powder  expelling 
charge  broke  during  transportation,  allowing  the  charge  to  leak  out. 
The  paper  disc  material  was  thereby  changed  from  onion  skin  with  a 
minimum  burst  strength  of  12  points  to  artesian  bond  with  a  minimum 
burst  strength  of  37  points.  Of  the  120  rounds  tested  at  Picatinny 
Arsenal  containing  this  new  paper  disc,  all  functioned  properly. 

Prior  to  firing,  these  rounds  were  subjected  to  transportation- 
vibration. 

(2)  Parachute.  In  an  attempt  to  improve  the 


15 


functioning  reliability  of  the  parachute,  the  canopy  assembly  was 
modified  by  increasing  the  width  of  the  pleats  (pocket  bands) 
from  1  inch  to  l£  inch.  It  was  anticipated  that  this  change  would 
permit  the  parachute  to  deploy  more  rapidly  after  ejection.  Of 
the  73  rounds  tested  at  Picatinny  Arsenal  containing  this  modified 
parachute  assembly,  only  one  parachute  failed  to  function  properly. 
This  failure  was  a  result  of  the  flare  colliding  with  the  parachute. 

(3)  Candle  Ignition.  From  the  evidence 
available,  a  conclusive  reason  for  the  occurrence  of  candle  non¬ 
ignitions  could  not  be  established.  On  the  basis  of  similar 
deficiencies  occurring  for  comparable  systems,  however,  it  was 
decided  that  the  failure  of  the  first  fire  to  ignite  might  have  been 
due  to  improper  blending  of  the  composition.  As  a  result,  a  new 
lot  of  candles  was  manufactured,  using  extreme  care  in  the  blending 
and  loading  of  the  first  fire  composition.  Of  the  l4o  rounds 
tested  at  Picatinny  Arsenal  containing  this  new  lot  of  candles,  all 
functioned  properly. 

c.  Test  Results.  Summaries  of  the  test  results 
and  round-by-round  data  were  tabulated  in  Aberdeen  Proving  Ground 
Report  No.  UPS-558. 


d.  Proving  Ground  Conclusions.  The  Star  Parachute 
Signals  failed  to  meet  the  military  requirements  because  of  parachute 
failures,  low  altitude  of  functioning,  ejection  failures,  and 
candle-parachute  separations . 

e.  Proving  Ground  Recommendations.  As  the 
deficiencies  still  existed  in  the  signals  that  were  tested,  it  was 
recommended  that  the  star  parachute  signals  should  be  reworked, 
maintaining  closer  inspection  at  assembly.  Further,  after  reworking, 
the  signals  should  be  resubmitted  for  test. 

9.  Fifth  Aberdeen  Proving  Ground  Test  ET  Phase  (May  1962) 

a.  Test  Objective.  To  determine  the  acceptability 
of  the  XMl44,  XM145,  and  XM146  Star  Parachute  Signals. 

b.  Design  Improvements  Since  Last  Test. 

(l)  Candle -Parachute  Assembly  Ejection.  Inves¬ 
tigation  of  the  problem  at  Picatinny  Arsenal  indicated  that  the 
failure  of  the  candle-parachute  assembly  to  eject  was  related  to  the 
black  powder  expelling  charge.  The  weight  of  expelling  charge, 
although  sufficient  for  the  old  motor  design,  was  found  to  be  too 
small  for  the  current  design  due  to  the  loss  of  gas  pressure  through 
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the  motor  end  of  the  signal.  To  compensate  for  this  loss  of  pressure, 
the  charge  weight  was  increased  from  0.8  grams  to  1.2  grams.  Of  the  100 
rounds  tested  at  Picatinny  Arsenal  containing  this  new  charge  weight, 
all  had  satisfactory  ejections . 

(2)  parachute  It  was  apparent  that  the  parachute 
failures  were  now  the  most  serious  deficiency  of  the  star  parachute  sig¬ 
nals.  A  detailed  review  of  the  considerable  amount  of  test  data  accumu¬ 
lated  at  Picatinny  Arsenal  and  Aberdeen  Proving  Ground  indicated  that  the 
majority  of  parachute  failiures  were  due  to  canopy  damage  caused  by  the 
burning  candle  during  ejection.  Although  the  parachute  bag  was  designed  to 
prevent  this,  it  was  apparent  that  additional  safeguards  would  be  required. 
Consequently,  it  was  decided  to  redesign  the  candles  so  that  ignition  of  the 
illuminant  composition  was  delayed  until  after  the  parachute  was  fully 
deployed.  This  was  accomplished  by  recessing  the  illuminant  and  first  fire 
composition  in  the  flare  case  and  filling  the  cavity  with  a  relatively  slow 
burning  igniter  composition.  Ignition  of  the  igniter  composition  was 
accomplished  by  two  strands  of  quickmatch  which  are  imbedded  in  the  igniter 
composition.  The  quickmatch  was  ignited  by  the  black  powder  expelling 
charge .  Of  the  70  rounds  tested  at  Picatinny  Arsenal  containing  the  modi¬ 
fied  candles,  only  1  parachute  failed  to  deploy  properly. 

(3)  Parachute-Candle  Connection;  A  deficiency  unique 
only  for  the  white  star  parachute  signals  was  the  separation  of  the 
candle  from  the  parachute  after  satisfactory  suspension  had  occurred.  The 
separation  was  due  to  the  flame  from  the  candle  burning  through  the  bead 
chain  attaching  the  candle  to  the  parachute .  This  did  not  occur  for  the 
red  or  green  star  signals  because  of  the  nature  of  their  flare  case 
material,  which  tended  to  confine  and  directionalize  the  flame  away  from  the 
suspension  chain.  The  case  material  for  the  red  and  green  flares  was  0.070 
inch-wall  kraft  paper;  the  case  material  for  the  white  flare  was  0.035-inch- 
wall  filter  paper.  Since  the  filter  paper  case  was  responsible  for  a  50$ 
improvement  in  candlepower,  the  decision  to  replace  it  with  a  kraft  paper 
case  was  made  with  considerable  reluctance.  Of  the  100  white  star  para¬ 
chute  rounds  tested  at  Picatinny  Arsenal  using  the  kraft  paper  cases, 

no  chains  were  burned  through. 

c .  Test  Results.  Round-by-round  data  was  tabulated  in 
Aberdeen  Proving  Ground  Report  No.  DPS-679- 

d.  Proving  Ground  Conclusions.  The  star  parachute 
signals  failed  to  meet  the  military  requirements  because  of  the  excess¬ 
ive  number  of  red  star  parachute  signals  functioning  below  675  feet. 
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e.  Proving  Ground  Recommendations:  Because  of  the  low 
altitude  of  function,  it  was  recommended  that  the  red  star  parachute 
signals  should  he  reworked  and  should  be  inspected  more  closely  at 
assembly.  Further,  that  after  reworking,  the  signals  should  be  resub¬ 
mitted  for  test. 

10.  Sixth  Aberdeen  Proving  Ground  Test  Program  ET  Phase 

Tjun~e  195217 -  - - 

a .  Test  Objective.  To  determine  the  acceptability  of 
the  XMl44,  XM1^5,  and  XM146  Star  Parachute  Signals  based  on  the  altitudes 
of  functioning  of  the  XM145  Red  Star  Parachute  Signal. 

b.  Test  Results.  Round-by-round  data  was  tabulated  in 
Aberdeen  Proving  Ground  Report  No.  DPS-679- 

c.  Proving  Ground  Conclusions;  The  star  parachute  signals 
failed  to  meet  the  military  requirements  because  the  results  were  inconclu¬ 
sive  . 


d.  Proving  Ground  Recommendations .  Because  the  results 
were  inconclusive,  it  was  recommended  that  a  larger  sample  of  red  star 
parachute  signals  be  resubmitted  for  test. 

11.  Seventh  Aberdeen  Proving  Ground  Test  Program,  ET  Phase, 
(June  1962 r 

a.  Test  Objective,  To  determine  the  acceptability  of 
the  XMflM,  XM145,  and  XM146  Star  Parachute  Signals,  based  on  the  altitude 
of  functioning  of  the  XM145  Red  Star  Parachute  Signal  and  using  a  50- 
round  sample . 


b.  Test  Results.  Round -by- round  data  was  tabulated  in 

Aberdeen  Proving  Ground  Report  No.  DPS-679" 

c .  Proving  Ground  Conclusions .  The  functioning  character¬ 
istics  of  the  star  parachute  signal  were  satisfactory  except  that  some  of 
them  functioned  below  the  required  altitude.  Nevertheless  the  average 
altitude  of  functioning  was  777  feet  when  the  signals  were  fired  by  hand. 

d.  Proving  Ground  Recommendations .  Since  the  altitude  of 
function  was  not  critical  deficiency,  it  was  recommended  that  the  star 
parachute  signals  be  released  for  service  test  prior  to  conducting  the 
desert  and  arctic  enviromental  tests . 

12.  Yuma  Test  Station  Summer  Enviromental  Test  Program, 

ET  Phase,  (May  1962  to  August  1962) . 

a.  Test  Objective.  To  determine  the  functioning  reli¬ 
ability  of  the  XM  Series  Signals  after  they  were  subjected  to  desert 
summer  enviroment. " 
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b.  Test  Results.  Summaries  of  the  test  results  and 
round-by-round  data  were  tabulated  in  Aberdeen  Proving  Ground  Report 
No.  DPS/OTA-193- 

c.  Proving  Ground  Conclusions  and  Recommendations. 

TT)  The  XMli+7,  XM143,  and  XM149  Star  Cluster  S ignals 
and  the  XM150,  XM151,  XM152,  and  XM-Violet  Parachute  Smoke  Signals  did 
not  perform  reliably  under  desert  summer  enviromental  conditions.  It 
was  recommended  that  they  should  be  reworked  and  resubmitted  for  test¬ 
ing  under  such  conditions . 

(2)  The  XM144,  XM145,  and  XM146  Star  Parachute 
Signals  and  the  XM153>  XM154,  XM155,  and  XM-Violet  Streamer  Smoke  Sig¬ 
nals  did  perform  reliably  under  desert  summer  enviormental  conditions . 

It  was  recommended  that  they  be  considered  satisfactory  for  use  under 
such  conditions . 


d.  Picatinny  Arsenal  Comments .  After  a  review  of  the 
Yuma  Test  results,  the  following  comments  were  formulated  at  Picatinny 
Arsenal . 


Comparison  of  the  test  data  for  all  signals  indi¬ 
cated  that  the  failure  of  the  star  cluster  and  parachute  smoke  signals 
to  be  considered  satisfactory  for  use  under  desert  summer  enviromental 
conditions  was  most  strongly  influenced  by  the  occurrence  of  premature 
"message"  expulsions  for  3  of  the  70  rounds  tested.  It  was  apparent 
that  the  prematures  resulted  because  the  hot  reaction  products  from  the 
launch  expelling  charge  and/or  quickmatch  bypassed  the  gas  seal  and 
ignited  the  payload  and/or  payload  expelling  charge.  As  designed  the 
payload  was  protected  from  these  reaction  products  by  a  gas  seal  com¬ 
posed  of  2  pressed  felt  wads  and  a  neoprene  disc  located  at  the  delay 
housing.  Although  the  gas  seal  had  functioned  successfully  in  temp¬ 
erate  and  arctic  enviroments,  the  higher  desert  temperatures  caused 
higher  pressures  to  be  generated  by  the  launch  expelling  charge  and/or 
quickmatch,  thereby  reducing  the  effectiveness  of  the  seal.  Previous 
work  with  items  of  similar  design  indicated  that  a  reliable  gas  sedl 
effective  at  the  temperature  extreme  of  l60°F  can  be  provided  by  roll 
crimping  the  signal  body  over  a  grooved  spacer  located  at  the  same 
position  as  the  present  spacer. 

13.  Infantry  Board  Test  Program,  ST  Phase  (June  19^2  to 
October  1962) 

a.  Test  Objective.  To  determine  if  (l)  the  XM  Series 
Signals  are  suitable  for  Army  use  under  temperate  enviromental  condi¬ 
tions,  (2)  they  meet  the  established  military  characteristics,  and 
(3)  they  are  suitable  replacements  for  the  standard  M  Series  Signals. 
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b.  Test  Results.  A  summary  of  the  test  results 
abstracted  from  the  test  report  is  shown  below.  A  detailed  pre¬ 
sentation  of  the  test  results  and  the  Infantry  Board's  comments  can 
be  found  in  Project  Report  No.  2991* 

(1)  The  XM  Series  Signals  were  considered  satis¬ 
factory  with  respect  to  physical  characteristics,  burning  time,  average 
visible  display  times,  and  the  rate  of  descent  of  the  parachute- 
suspended  message  components .  The  signals  were  not  rendered  operat¬ 
ionally  unusable  by  exposure  to  adverse  conditions .  Functioning  of 
those  signals  not  visibly  damaged  was  apparently  not  affected  adversely 
by  aerial  delivery  or  transport. 

(2)  Deficiencies  and  the  principal  shortcomings 
noted  during  the  test  were  as  follows: 

(a)  Twelve  of  the  malfunctions  that  occurred 
during  the  test  were  considered  safety  hazards  and,  therefore, 
deficiencies.  In  addition,  launcher  recoil,  the  sparks  and  debris  from 
the  signals,  and  the  potential  lethal  effect  of  the  falling  burned-out 
spin-stabilized  tube  of  all  signals  were  considered  excessive. 

(b)  All  signals  exceeded  the  specifications 
stated  in  the  military  characteristics  for  the  average  height  of  burst 
and  the  tolerance  from  the  average  height  of  burst .  The  recoil  impulse 
of  the  signals  was  considered  excessive.  Some  of  this  excessive  recoil 
was  caused  by  the  force  required  to  project  the  message  component  to 
the  increased  average  height  of  burst, . 

(c)  There  was  a  lack  of  sharp  definition 
between  the  colors  of  some  of  the  signals.  Position-disclosing  effects 
of  all  signals  could  be  seen  at  the  launch  site  by  observers  stationed 
at  a  distance  of  1,000  yards  during  daylight  and  5 >200  yards  at  night. 
Smoke  streamer  signals  did  not  emit  smoke  from  launch  to  ground  impact 
as  specified  in  the  military  characteristics. 

(d)  The  total  of  110  malfunctions  (6. 4$)  which 
occurred  during  the  tests  indicated  a  lack  of  reliability. 

(e)  The  signals  were  deficient  in  important 
aspects  of  human  factors  engineering.  The  hermetically  sealed  con¬ 
tainers  of  the  signals  were  difficult  to  open.  In  addition,  the 
users  experienced  excessive  recoil,  with  attendant  sparks  and  debris, 
when  launching  the  signals  by  hand. 

c .  Infantry  Board  Conclusions. 

(l)  The  Rocket  Type  Hand  Held  Ground  Signals 
are  not  suitable  for  Army  use  under  temperate  conditions , 
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(2)  The  ultiriiate  requirement  for  a  ground  sig¬ 
nal  should  be  fulfilled  by  the  development  of  a  Uo  mm  signal  cartridge, 
d.  Infantry  Board  Recommendations. 

(1)  The  development  of  the  XM  Series  Signals, 

should  be  terminated. 

(2)  Immediate  effort  should  be  directed  toward 
developing  a  40  mm  signal  cartridge  for  interim  use  with  the  M79 
Grenade  Launcher  and  ultimately  with  the  Special  Purpose  Individual 
Weapon . 


e.  Picatinny  Arsenal  Comments.  During  the  Service 
Tests  at  Ft.  Benning,  nine  separate  Reports  of  Equipment  Failure  cover¬ 
ing  a  variety  of  shortcomings  and  deficiencies  observed  during  these 
tests  were  issued.  The  deficiencies  as  recorded  and  Picatinny  Arsenal's 
comments  are  shown  below.  Where  practicable,  the  modifications  suggested 
by  Picatinny  Arsenal  were  incorporated  in  the  signals  shipped  to 
Ft.  Greely,  Alaska  for  arctic  winter  enviromental  tests. 

(1)  Equipment  Failure  Report  No.  1  stated  that 
breaking  of  the  tear  strip  made  it  difficult  to  open  the  hermetically 
sealed  containers.  A  program  was  initiated  to  improve  the  container  by 
substituting  a  nine- inch-diameter  nylon  loci  for  the  six- inch- length 
metal  tear  strip  extension.  The  nylon  loop  will  make  it  possible  to 
apply  better  leverage  to  the  tear  strip,  thereby  facilitating  the  operting 
of  the  container.  In  addition,  this  Arsenal  initiated  an  investigation 
into  the  possibility  of  replacing  the  metal  containers  with  plastic  con¬ 
tainers,  which  would  be  opened  by  unscrewing  a  cap  from  the  container 
body. 

(2)  Equipment  Failure  Report  No.  2  stated  that  the 
spent  hardware  falling  close  to  the  launch  position  was  a  safety  hazard. 
During  the  development  of  the  XMlWf  Signals  Series,  major  emphasis  was 
placed  on  reliability,  accuracy,  and  stability  of  flight  in  order  to  de¬ 
ploy  the  message  component  in  accordance  with  the  requirements  established 
by  the  Military  Characteristics.  Only  minor  consideration  was  given  to 
the  impact  area  of  the  spent  hardware.  If  this  is  considered  a  safety 
hazard  to  troops,  the  only  short  range  reconmendation  that  can  be  made  to 
alleviate  the  problem  is  to  revise  the  firing  instructions  to  require  firing  at 
20  degrees  from  the  vertical  in  lieu  of  the  present  vertical  firings.  This 
would  cause  the  spent  hardware  to  impact  approximately  250  feet  from  the 
launch  area  while  still  meeting  the  minimum  height  requirement  for  verti¬ 
cal  firing  of  675  feet.  Greater  increases  in  the  angle  of  firing  from 

the  vertical  will  cause  the  hardware  to  fall  further  from  the  launch  area. 
However,  the  vertical  height  of  functioning  would  then  be  less  than  675 
feet. 
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(3)  Equipment  Failure  Report  No.  3  stated  that  the 
position-disclosing  effects  of  this  series  of  signals  was  a  shortcoming. 
Picatinny  Arsenal  had  previously  indicated  tha  the  Military  ^Character¬ 
istics  requiring  the  flash  of  the  XM  Signal  Series  to  be  indiscernible 

at  ranges  greater  than  1,000  yards  could  not  be  met.  In  addition,  it 
’was  stated  that  the  signals  would  be  designed  to  minimize  the  effects 
of  smoke  and  flash.  This  has  been  acconplished,  as  shown  by  a  compari¬ 
son  of  the  smoke  and  flash  resulting  from  the  firing  of  the  XM144  Series 
and  M125  Series.  Although  the  M125  Signal  Series  produced  a  smoke  and 
spark  trail  from  launch  to  a  height  of  approximately  85  feet,  the  XM 
Signal  Series  produced  a  short  duration  flash  (of  the  order  of  milli¬ 
seconds)  having  a  diameter  of  less  than  three  feet.  Although  this 
flash  is  discernible  at  ranges  greater  than  1,000  yards,  its  small 
size  and  short  duration  would  make  it  extremely  difficult  for  an 
observer  to  determine  the  range  of  the  firer. 

(4)  Equipment  Failure  Report  No.  4  stated  that 
the  firing  instructions  affixed  to  all  signal  launchers  were  incomplete 
and  incorrect  and,  if  followed,  might  cause  injury  to  the  firer.  The 
firing  instructions  were  revised  to  show  the  firer  pictorially  the 
correct  procedure  to  be  followed  in  firing  the  signal. 

(5)  Equipment  Failure  Report  No.  5  stated  that 
when  the  signal  was  removed  from  the  hermetically  sealed  containers, 
the  metal  caps  on  the  signal  sometimes  remained  in  the  container.  In 
addition,  when  the  metal  cap  was  removed  from  the  signal,  the  cork 
seal  on  the  ejection  end  sometimes  adhered  to  the  cap  or  falls  off  the 
signal  because  of  an  apparent  lack  of  glue.  Action  was  taken  to  pre¬ 
vent  the  metal  caps  from  sticking  in  the  hermetically  sealed  container 
and  the  pull  ring  from  being  wedged  in  the  cap  by  increasing  the  inside 
diameter  of  the  container  and  decreasing  the  duttlde  diameter  of  the 
pull  ring.  These  changes  increased  the  amount  of  clearance  between  the 
parts  in  question.  Regarding  the  cork  seal  adhering  to  the  metal  caps, 

It  was  believed  that  insufficient  time  was  allowed  for  the  lacquer  seal 
to  thoroughly  dry  prior  to  assembly  of  the  caps  to  the  signal.  Assembly 
instructions  were  revised  to  provide  for  a  longer  drying  period.  To 
prevent  the  cork  seal  from  falling  out  of  the  launcher  tube,  greater  care 
would  be  taken  to  Insure  the  application  of  sufficient  lacquer  to  seal 
the  cork  In  place.  Greater  care  would  also  be  given  to  packing  the  pull 
cord  so  that  it  unravel&d  properly. 

(6)  Equipment  Failure  ^eport  No.  6  stated  that 
excessive  recoil  was  experienced.  The  recoil  transmitted  to  the  firer  was 
the  result  of  the  sudden  acceleration  imparted  to  the  signal  by  the  eject¬ 
ion  charge.  Measurements  of  the  recoil  forces  were  made  during  opti¬ 
mization  of  the  expulsion  charge  in  the  ET  Phase  of  this  program  The 
expulsion  charge  selected  was  based  on  an  acceptable  level  of  recoil 
demonstrated  in  the  previously  developed  seried  of  hand-held  signals.  It 
was  considered  possible  to  redesign  the  ejection  charge  to  reduce  recoil 
below  the  present  level  without  degrading  performance  by  altering  the 
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quantity  and  granulation  of  black  powder  used,  or  by  introducing  other 
propellant  materials  in  place  of  the  black  powder  and  optimizing  the 
quantity  and  configuration  cf  ejection  propellant.  Recent  work  with 
nitrocellulose  propellants  in  igniters  and  ejection  systems  indicated 
the  wide  variation  of  performance  that  can  be  obtained  with  these 
materials . 


(7)  Equipment  Failure  Report  No.  7  stated  that 
a  rocket  motor  blow  was  experienced  when  "the  ignition  system,  black 
powder  expelling  charge  and  rocket  motor  had  exploded  simultaneously 
and/or  the  pins  on  the  signal  rocket  assembly  had  wedged  into  the 
sides  of  the  signal  launcher  which  caused  the  rocket  motor  to  burn  out 
in  the  base  of  the  signal  launcher  and  prior  to  ejection."  The  rocket 
motor  design  was  believed  to  be  basically  sound  and  no  evidence  of  a 
weak  spot  in  the  motor  had  been  adduced  by  consistency  of  one  type  of 
failure.  It  was  believed  that  the  few  failures  encountered  were 
attributable  to  poor  quality  or  poor  assembly  of  the  failed  item, 
possibly  in  combination  with  each  other  or  with  other  unusual  condi¬ 
tions  .  The  quality  control  of  the  parts  would  be  carefully  re-examined 
and  improvements  would  be  made  in  critical  areas.  It  was  also 
recommended  that  adhesive  should  be  applied  to  all  threaded  attachments 
in  the  assembly  of  the  item  not  only  to  improve  the  strength  of  the  basic 
motor  but  to  mitigate  the  effect  of  poor  assembly. 

(8)  Equipment  Failure  Report  No.  8  stated  that 
the  one  of  the  signals  fired  prematurely  while  being  removed  from  the 
container  after  a  malfunctioning  parachute  drop.  It  was  recommended 
that  the  Military  Characteristics  requiring  "the  signals  to  be  safe 

to  handle  Add  fire  after  drop  by  malfunctioning  parachute  provided  no 
visible  damage  has  been  sustained"  be  revised  to  require  only  that 
signals  be  safe  to  handle  and  dispose  of.  The  basiB  for  this  recom¬ 
mendation  was  the  signals  might  have  experienced  internal  damage  not 
visible  to  the  naked  eye,  thereby  creating  a  hazard  to  the  firer. 

Further,  the  requirement  that  this  or  any  other  pyrotechnic  item  be 
serviceable  after  malfunctioning  parachute  drop  was  considered  tech¬ 
nically  unsound.  For  this  type  of  item,  the  ability  to  be  handled 
and  disposed  of  was  considered  a  very  desirable  characteristic. 

(9)  Equipment  Failure  Report  No.  9  stated 
that  suspension  chain  breaks  caused  the  parachute  flare  and  parachute 
smoke  "message"  components  to  be  separated  from  the  parachute  upon 
ejection  from  the  rocket  assembly.  Subsequent  to  the  Ft.  Benning 
test,  a  stronger  chain  was  incorporated  in  the  signals  shipped  to 
Ft.  Greely.  Whereas  the  suspension  chain  in  Ft.  Benning  shipment  was 
chrome  plated  brass  with  a  minimum  tensile  strength  of  %  pounds,  the 
new  chain  was  stainless  steel  with  a  minimum  tensile  Strength  of  75 
poundB.  Of  the  8l  signals  tested  at  Picatinny  Arsenal  which  incor¬ 
porated  the  stainless  steel  chain,  no  chains  broke. 
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(10)  In  addition  to  the  aforementioned.  Report 
of  Project  No.  2991  stated  that  five  dangerously  erratic  flights  were 
encountered,  there  was  a  lack  of  color  definition,  and  that  the  smoke 
streamer  signals  emit  smoke  only  on  ascent. 

(a)  With  respect  to  the  five  erratic  flights 
it  was  understood  that  they  all  landed  approximately  150  feet  from  the 
launcher.  Thus  ..they  •  created  less  of  a  hazard  to  the  troops  than  the 
spent  signal  body  falling  from  trajectory  apex  of  750  feet  except  that 
the  pyrotechnic  element  was  still  in  the  signal  or  was  ejected  just 
before  ground  impact. 

(b)  With  respect  to  color  definition,  this 
Arsenal  had  used  .the.  best  Signal  elements  that  the  current '.technology  could 
produce.  It  was  noted  that  all  signals  were  correctly  identified  at  a 
range  of  2500  yards  during  the  day  except  one  yellow  smoke  element  was 
mistakenly  identified  as  green.  At  night  all  flare  signals  were 
correctly  identified  at  a  arrange  of  5200  yards.  It  was  also  noted 

that  during  the  night  aerial  test  all  flare  signals  were  correctly 
identified  at  a  slant  range  of  5  miles  and  5>000  feet  altitude. 

(c)  With  respect  to  the  streamer  signals 
emitting  smoke  only  on  ascent,  it  was  found  during  the  engineering 
test  that  insufficient  smoke  was  produced  to  effectively  mark  the  whole 
trajectory.  This  problem  was  brought  to  the  attention  of  a  member  of 
the  Infantry  Board  and  the  Office,  Chief  of  Ordnance  and  smoke  emission 
on  ascent  only  was  informally  accepted  as  the  limit  of  the  state  of  the 
technology . 


lh.  Ft.  Greely  Winter  Enviromental  Test  Program,  ST  Phase 
(December  1962  -  January  1963) 

a.  Test  Objective .  To  determine  if  the  XM  Signal 
Sdries  are  suitable  for  Army  use  under  arctic  winter  enviromental 
conditions . 

b.  Test  Fjfeisults  ■  The  official  report  covering  the 
arctic  winter  enviromental  tests  has  not  been  completed  at  the  time 
of  this  report.  A  preliminary  summary  of  the  test  results  as  received 
from  the  Arctic  Test  Board  is  as  follows: 

(1)  A  total  of  897  signals  were  fired  at  ambient 
temperatures  ranging  from  Mnue  51°F  to  plus  30°F,  879  signals  were 
fixture  fired  and  18  hand  fired.  The  average  height  of  burst  or  smoke 
streamer  apex  for  all  types  of  signals  was  in  excess  of  $00  feet.  No 
signal  that  otherwise  functioned  normally  deviated  from  line  of  fire 
more  than  10  degrees.  No  significant  difference  in  performance  occurred 
at  either  end  of  the  temperature  range  in  which  the  signals  were  fired. 

(2)  A  total  of  six  signals  malfunctioned  at 
launch.  For  five  of  these  signals,  the  igniter  assembly  separated  from 
the  launcher  tube  at  time  of  firing.  The  nozzle  plate  of  the  sixth 
signal  separated  from  the  motor  in  or  adjacent  to  the  launcher  tube.  Of 
the  six  malfunctions,  three  of  the  signal  rocket  assemblies  failed  to 


2% 


eject  from  the  launcher.  The  three  rocket  assemblies  which  left  the 
launcher  had  extremely  erratic  flights . 

(3)  In  approximately,  10#  of  the  smoke  parachute 
signals  fired,  the  parachutes  either  failed '.to  eject  or  failed  to 
deploy.  Failures  occurred  prfLmarily  with  the  violet  smoke  parachute. 

(k)  The  color  of  the  smoke  signals  was  difficult 
to  ascertain  at  ranges  in  excess  of  1, 500  yards .  Green  and  yellow  were 
easy  to  confuse.  Violet  at  times  appeared  black.  Illumination  signals, 
howeverl  were  effective  and  easy  to  identify.  On  one  occassion,  a  red 
star  cluster  signal  was  observed  and  identified  at  night  by  an  air 
observer  at  a  distance  of  40  miles. 

c.  Arctic  Test  Board  Conclusions.  Because  of  the 
six  malfunctions  at  launch,  it  was  considered  that  the  test  signal  do 
not  meet  the  safety  requirements  of  the  military  characteristics  and 
are  not  safe,  as  provided  for  test,  for  issue  to  using  troops.  In 
addition,  empty  message  containers  of  all  types  of  test  signals  returned 
to  earth  with  sufficient  force  to  constitute  a  serious  safety  hazard 
to  ground  personnel. 


d.  Arctic  Test  Board  eonclusion.  The  XM  Signal  Series, 
as  provided  for  test,  are  unsuitable  for  Army  use  under  arctic  winter 
conditions . 

e.  Plcatinny  Arsenal  Comments 

"(T)  With  respect  to  the  igniter  assembly  and  motor 
nozzle  separation,  examination  of  110  of  the  unfired  signals  returned 
from  Ft.  Greely  disclosed  that  the  threads  of  two  launcher  tubes  were 
stripped.  This  defect  apparently  occurred  during  manufacture  but  was 
not  detected  during  inspection.  Firing  of  one  of  these  signals  resulted 
in  an  igniter  assembly  separation  similar  to  those  which  occurred  at 
Ft.  Greely.  Prior  to  this  discovery,  an  engineering  design  analysis 
confirmed  the  design  of  all  metal  parts  to  be  basically  sound  and 
capable  of  withstanding  gas  pressure  far  in  excess  of  the  normal  press¬ 
ures  generated.  A  reliability  engineering  analysis  showed  the  reliability 
of  the  metal  parts  in  question  to  approach  100$  (99*99/$) •  AH  evidence 

therefore  indicated  that  the  few  failures  may  be  attributed  to  faulty 
parts  and/or  assembly  techniques.  Development  of  more  stringent oq'udii'ty 
control  provisions  was  started  to  prevent  the  recurrence  of  these  mal¬ 
functions.  As  an  additional  safety  factor,  application  of  an  adhesive  to 
the  threaded  attachments  has  bee.*  incorporated  into  the  design.  SC.his  would 
mitigate  the  effect  of  poor  assembly. 

(2)  With  respect  to  the  large  number  of  smoke 
parachute  signals  which  failed  to  eject  the  message  component,  it  was 
believed  that  this  defect  was  an  outgrowth  of  the  motor  design  changes 
necessitated  by  the  failure  of  the  original  motors  to  withstand  temp¬ 
erature  -humidity  cycling,  and  firing  at  -65°F.  As  a  result  of  these 


design  changes,  the  effectiveness  of  the  motor  assembly  in  preventing 
excessive  gas  leakage  from  the  bldck  powder  expelling  charge  was 
reduced.  Comparison  of  the  test  data  from  Ft.  Benning,  Yuma,  Aberdeen, 
and  Ft.  Greely  indicated  that  the  low  ambient  temperatures  at  Ft.  Greely 
tended  to  increase  the  amount  of  leakage,  thereby  preventing  the  re¬ 
quired  pressures  necessary  for  reliable  ejection  from  being  attained. 

The  recommendation  previously  made  to  eliminate  prematures  (Engineering 
Test  at  Yuma),  that  is, roll  crimping  the  signal  body  over  a  grooved 
spacer,  would  eliminate  non-ejections  by  preventing  gas  leakage  through 
the  rear  of  the  signal. 

15 ■  U.S.  Army  Test  and  Evaluation  Command  Comments  on  the 

Service  Tests  (January  1963 ) 

The  U.S.  Army  Test  and  Evaluation  Command's  comment  on 
the  Ft.  Benning  test  results  and  conclusions  and  the  preliminary  Ft. 

Greely  test  results  are  contained  in  a  letter  report  which  was  made  a 
part  of  the  Ft.  Benning  Report  on  Project  No.  2991-  The  major  comments 
excerpted  from  the  letter  were  as  follows: 

(1)  "This  Headquarters  concurs  in  the  report  of  the 
U.  S.  Army  Infantry  Board,  except  that  development  should  not  be  terminated 
without  a  review  of  requirements  and  consideration  of  alternatives." 

(2)  "The  reported  deficiencies  and  shortcomings,  and 
those  currently  observed  during  winter  tests  at  Ft.  Greely,  Alaska,  are  of 
such  a  nature  as  to  make  procurement  inadvisable,  if  for  no  other  reason 
than  considerations  of  safety.  Specifically,  malfunctions  in  or  adjacent 
to  the  launching  tube  must  be  eliminated  or  the  tube  reinforced  to  with¬ 
stand  such  malfunction  without  potential  hazard  to  the  user." 

(3)  "It  is  recommended  that  the  comments  of  the 
Combat  Developments  Command  be  solicited  to  determine  whether  the  require¬ 
ments  for  subject  items  are  still  firm,  prior  to  further  development." 

l6.  Safety  and  Reliability  Evaluation  (March  1963) 

During  Service  Tests  of  the  XMll+4  Series  Signals  at 
Ft.  Benning  and  Ft.  Greely  a  small  percentage  of  launching  malfunctions 
occurred.  These  malfunctions  consisted  of  motor  nozzle  separations  at 
Ft.  Benning  (^  of  1,704  rounds),  and  motor  nozzle  and  igniter  assembly 
separations  at  Ft.  Greely  (l  and  5  Respectively,  of  897  rounds). 

Although  the  launcher- igniter  assembly  and  racket  motor 
were  originally  designed  to  withstand  pressures  considerably  in  excess  of 
the  normal  pressures  generated,  the  occurrence  of  the  launching  malfunction  s 
caused  additional  experimental  add  computation  work  to  be  conducted.  This 
work  gave  further  evidence  that  the  deBign  of  these  metal  parts  was 
basically  sound. 

A  detailed  analysis  to  determine  the  reliability  (safety) 
of  metal  parts  security  for  the  launcher-igniter  assembly  when  sub¬ 
jected  to  the  firing  pressures  developed  inside  the  launcher  tube  can  be 
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found  in  Pioatinny  Arsenal's  Quality  Assurance  Division  Report  No. 

CAR  6.  This  analysis  established  that  reliability  of  metal  parts 
(launcher  tube  and  igniter  assembly)  security  approaches  100)6 
(99-99^)  if  these  parts  are  produced  in  accordance  with  present 
drawings  and  specifications. 

A  detailed  analysis  to  determine  the  reliability  (safety)  of  metal 
parts  security  for  the  rocket  motor  when  subjected  to  the  propellant  press¬ 
ures  developed  inside  the  motor  can  be  found  in  Picatinny  Arsenal  Quality 
Assurance  Division  Report  No.  CAR  7-  This  analysis  established  that  if  the 
metal  parts  (motor  hisad  and  motor  nozzle)  are  produced  in  accordance  with 
present  drawings  and  specifications  their  reliability  with  respect  to  shear 
approaches  100 $  (99-99 +$) . 

17.  Recent  Local  Findings  (April  1963) 

In  addition  to  the  theoretical  analysis,  the  reliability 
of  metal  parts  security  of  the  launcher-igniter  assembly  and  rocket  motor 
was  experimentally  and  dimensionally  determined.  The  experimental  tests 
were  designed  to  confirm  the  calculated  results  and  determine  whether  poor 
assembly  techniques  would  result  in  metal  parts  failure.  The  dimensional  tests 
were  designed  to  assure  that  the  metal  parts  met  the  drawing  and  specification 
requirements . 

a .  Hydrostatic  Tests.  To  determine  the  pressure  necessary 
to  cause  motor  failure  at  different  degrees  of  thread  engagement  (motor  nozzle 
engaged  for  full  5  threads,  motor  nozzle  backed  off  to  reduce  thread  engage¬ 
ment  to  4  threads,  3  threads,  and  2  threads).  The  average  pressure  at  which 
motor  nozzle  separation  occurred  were  as  follows: 

(1)  Fully  engaged,  8300  psi 

(2)  4- thread  engagement,  7*}00  psi 

(3)  3-thread  engagement,  5200  psi 

(4)  2-thread  engagement,  2500  psi 

Since  the  peak  internal  pressure  generated  by  the  propellant  grain  is  approxi¬ 
mately  1700  psi  at  70°F,  satisfactory  functioning  may  still  result  under  the 
worst  condition,  which  reduces  the  thread  engagement  by  60)6.  By  coating  the 
threads  with  epoxy  resin  prior  to  assembly,  the  pressure  required  for  separation 
of  the  2-thread-engaged  system  is  increased  to  4000"  psi,  thus  providing  a 
reliable  safety  factor. 

b .  Function  Test  No.  1.  To  determine  if  a  reduction  in 
thread  engagement  of  the  igniter  assembly  will  cause  separation  during  firing 
of  signals.  The  launcher  tubes  were  modified  to  reduce  the  threads. engagement 
from  the  normal  3.85  threads  to  1.0  and  2.0  threads.  Firing  was  conducted  at- 

-65°F  from  the  fixture  previously  used  at  Ft.  Greely  during  Service  Tests. 

All  21  rounds  functioned  satisfactorily. 

c .  Functioning  Test  No.  2.  To  determine  the  effect  of 
increasing  the  black  powder  expelling  charge  on  the  metal  parts  security  of 
the  launcher- igniter  assembly.  The  expelling  charge  for  32  signals  returned 
from  Ft.  Greely  was  increased  from  the  present  1.0  gram  to  2.0  grams  of  Grade  A-5 
black  powder.  Firing  was  conducted  at-65°F  from  the  fixture  previously  used 

at  Ft.  Greely.  All  signals  functioned  satisfactorily. 
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d.  Functioning  Test  No.  3-  To  determine  the  effect 
of  a  finer  granulation  black  powder  expelling  charge  on  the  metal 
parts  security  of  the  launcher-igniter  assembly.  The  expelling  charge 
for  31  signals  returned  from  Ft.  Greely  was  modified  to  1.0  gram 
Grade  A-7  black  powder.  Firing  was  conducted  at  -65°F  from  the  fix¬ 
ture  previously  used  at  Ft.  Greely.  All  signals  functioned  satisfactor¬ 
ily. 

e.  Metal  Parts  Inspection;  Inspection  of  110  unfired 
signals  recalled  from  Ft.  Greely  disclosed  two  signals  whose  launcher 
tube  threads  were  stripped,  thereby  preventing  any  appreciable  thread 
engegement  to  the  igniter  assembly.  It  was  apparent  that  the  threads 
were  stripped  during  manufacture  and  were  not  detected  during  incoming 
inspection.  Firing  of  one  of  these  signals  produced  an  igniter  assembly 
separation  of  the  type  encountered  at  Ft.  Greely. 

f.  Conclusions;  All  findings  indicate  that  the  design 
of  the  metal  parts  is  basically  sound  and  that  they  are  capable  of  with¬ 
standing  pressures  considerably  in  excess  of  normal.  The  findings  also 
indicate  that  the  launch  malfunctions  encountered  at  Ft.  Benning  and 
Ft.  Greely  can  be  eliminated  by  tighter  inspection  procedures  of  the 
metal  parts  prior  to  assembly. 

18.  Second  ST  Review  Meeting  (July  1963)  As  directed  by 
U.  S.  Army  Materiel  Command,  an  In-Process  Review  (Service  Test)  will 
be  held  at  Picatinny  Arsenal  on  2  July  1963*  The  review  will  have  the 
following  objectives; 


a.  Establish  those  characteristics  found  deficient 
during  service  test  which  must  be  corrected  prior  to  type  classification. 

b.  Determine  the  latest  military  requirements  for 
signals,  namely,  hand-held,  weapon-launched  or  both,  together  with  a 
confirmation  of  requirements  with  regard  to: 

(1}  Altitude 

(2)  Number  of  colors  and  types  of  signature 

(3)  Smoke  streamer  characteristics. 

c .  Establish  what  must  be  done  to  meet  the  determined 

requirements . 
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IV.  GENERAL  DESCRIPTION 


1.  Physical  Characteristics 


The  XM144  Series  Signals  are  essentially  self-contained, 
spin '-’stabilized,  hand-held,  rocket-type,  ground-launched  pyrotechnics. 

Each  signal  consists  of  three  concentric  tubes:  an  outer  tube,  which 
is  the  protective  container,  a  middle  tube,  which  is  the  launcher 
tube  with  an  igniter,  and  an  inner  tube,  which  contains  the  rocket 
motor  and  pyrotechnic  components  (Figures  1,  2,  and  3) .  The  pro¬ 
tective  container  is  for  shipping  and  storage  only,  and  consequently 
is  never  removed  until  immediately  before  firing.  The  middle  and 
inner  tubes  comprise  the  signal's  complete  assembly. 

The  major  units  of  the  star  parachute  rocket  assemblies 
consist  of  a  parachute  assembly,  illuminant  assembly,  delay  assembly, 
rocket  motor  assembly,  and  signal  body.  They  differ  only  in  the 
formulation  of  their  illuminant  compositions,  which  are  designed  to 
produce  different  colors,  green,  red,  white  (Figure  4) . 

The  major  units  of  the  star  cluster  rocket  assemblies 
consist  of  five  individual  pellets  ,  a  delay  assembly,  rocket  motor 
assembly,  and  signal  body.  They  differ  only  in  the  formulation  of 
their  illuminant  compositions,  which  are  designed  to  produce  different 
colors,  green,  red,  and  white  (Fugure  5)> 

The  major  units  of  the  smoke  parachute  rocket  assemblies 
consist  of  a  parachute  assembly,  smoke  assembly,  delay  assembly, 
rocket  motor  assembly,  and  signal  body.  They  differ  only  in  the 
formulation  of  their  smoke  compositions,  which  are  designed  to  pro¬ 
duce  different  colors,  green,  red,  yellow,  and  violet  (Figure  6) . 

The  major  units  of  the  smoke  streamer  rocket  assemblies 
consist  of  a  smoke  ignition  assembly,  smoke  composition  consolidated  in 
the  signal  body,  and  rocket  motor  assembly  (Figure  7). 

The  physical  characteristics  of  the  above  assemblies  are 
shown  in  Table  1. 

2.  Component  Description 

a.  Launcher  and  Igniter  Assembly.  The  launcher  and  igniter 
assembly  previously  developed  for  the  M131  Red  Star  Distress  Signal  was 
adapted  for  use  with  the  XM  Series  Hand  Held  Signals  (Figures  8  and  9) • 

The  igniter  assembly  incorporates  a  pull  ring  firing  mechanism  and  a 

black  powder'  expelling  and  igniter  charge.  Because  a  smaller  expelling  charge 

was  used,  the  cavity  was  reduced  in  volume  with  polyethylene  fillers. 

The  black  powder  charge  is  ignited  by  a  No.  68  Remington  percussion 
primer  which  is  pressed  into  the  assembly  housing.  A  gas  check  assembly 
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located  at  the  base  of  the  launcher  tube  minimizes  gas  leakage 
around  the  signal  body  during  ejection.  The  launcher  contains  two 
spiral  grooves  running  the  length  of  the  tube.  Two  pins  located  on 
the  rocket  motor  ride  in  these  grooves  during  ejection,  creating  in¬ 
itial  spin  of  the  signal  body.  This  spin  is  required  to  provide  flight 
stability  of  the  signal  up  to  the  time  the  rocket  motor  takes  over. 

The  outside  surface  of  the  launcher  tube  is  knurled  for  a  length  of 
5.2  inches  at  the  igniter  end  to  make  it  easier  for  using  personnel 
to  grip  the  tube  during  firing. 

b.  Rocket  Motor.  The  rocket  motor  consists  of  two 
steel  screw-fitter  parts,  a  motor  nozzle  and  a  head  closure.  The  motor 
nozzle  contains  dual  canted  nozzles  to  impart  spin  to  the  signal  during 
the  burning  period  of  the  propellant  charge  (Figure  10) .  The  head 
closure  functions  not  only  as  a  closure  but  also  as  a  spin  mechanism  for 
inparting  initial  spin  to  the  signal  by  means  of  pins  which  protrude 
through  the  signal  body.  In  addition,  the  head  closure  for  the  star- 
parachute,  star-cluster,  and  smoke-parachute  signals  incorporate  a 
threaded  slot  for  attachment  of  the  delay  column  (Figures  11  and  12) . 

The  propellant  charge  consists  of  a  single-end-burning  HEX-12  double¬ 
base  propellant  grain  inhibited  at  the  outer  periphery  and  one  end  with 
ethylcellulose .  (Figure  13.)*  Rapid  ignition  of  the  propellant  grain 
is  accomplished  by  an  igniter  assist  consisting  of  two  strands  of 
Benite  and  first  fire  slurry  bonded  to  the  nozzle  end  of  the  propellant 
grain.  Functioning  of  the  rocket  motor  is  accomplished  when  the  hot 
gases  from  the  black  powder  expulsion  charge  pass  through  the  nozzle 
and  initiate  the  igniter  assist  material.  This  material  in  turn 
ignites  the  exposed  face  of  the  cigarette- type -burning  propellant  grain. 

c.  Delay  Assembly.  The  delay  assembly  (Figure  1^) 
is  designed  to  burn  for  approximately  5  *7  seconds  to  allow  the  signal 
to  attain  an  average  height  of  approximately  770  feet  (vertical  firing) 
prior  to  ejection  of  the  parachute  or  cluster  assemblies.  The  delay  is 
obtained  by  a  pyrotechnic  composition  consolidated  in  an  aluminum 
housing  under  a  pressure  of  36,000  pounds  per  square  inch.  Igniter  com¬ 
position  is  located  at  each  end  of -the  delay  composition,  at  one  end  to 
assure  ignition  of  the  delay  and  at  the  other  to  assure  ignition  of  a 
black  charge.  Initiation  of  the  delay  train  is  accomplished  by  two 
strands  of  first-fire-coated  quickmatch  which  are  ignited  simultaneously 
with  the  rocket  motor  by  the  launch  black  powder  expelling  charge. 

d.  Rocket  Motor  Assembly.  The  rocket  motor  assemblies 
incorporated  in  the  star-parachute,  star-cluster,  and  smoke -parachute 
signals  are  identical  in  appearance  bjrt  differ  in  the  weight  of  black 
powder  expelling  charge  and  length  of  propellant  grain  (Figure  15, 

Table  1) .  They  are  completely  assembled  prior  to  insertion  into  the 
signal  body.  Assembly  is  performed  by  the  following  operations  in 

the  order  listed. 
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into  closure  head. 


(1)  Propellant  grain  assembly  is  inserted 

(2)  Motor  nozzle  is  assembled  to  closure  head. 

(3)  Spacer  is  secured  to  delay  assembly  by 
staking  and  cementing. 

(if-)  Neoprene  gas  check  seal  and  pressed  felt 
gas  check  wads  are  placed  on  the  delay  column.  The  purpose  of  these 
gas  checks  is  to  prevent  the  signal  rocket  black  powder  expelling  charge 
from  being  prematurely  ignited  by  the  hot  gases  and  reaction  products 
produced  by  the  launch  expelling  charge  and  quickmatch. 

(5)  Delay  column  is  assembled  to  closure  head. 

(6)  Gas  check  is  cemented  to  spacer. 

(7)  Black  powder  expelling  charge  is  inserted 
into  cavity  formed  by  the  gas  check  wad  and  spacer. 

(8)  Bond  paper  disc  is  cemented  to  the  gas  check. 

(9)  Required  length  of  quickmatch  is  inserted 
through  opening  between  delay  column  and  closure  head  and  secured  in  the 
required  position  with  permacel  tape. 

The  smoke  streamer  signals,  which  do  not  incorporate  a  delay 
column  or  signal  rocket  expelling  charge,  requireonly  6teps  (l)  and  (2) 
for  rocket  motor  assembly  (Figure  16) .  The  rocket  motor  assemblies  are 
t  hen  inserted  into  their  respective  signal  bodies  with  the  two  bosses 
of  the  closure  heads  in  line  with  the  two  .201- inch-diameter  holes 
located  on  the  signal  bodies.  A  soft  aluminum  pin  is  then  force  fitted 
into  the  opening  of  each  boss  to  the  required  dimension. 

e.  Illuminant  Composition.  Illuminant  compositions 
burning  green,  red,  or  white  are  shown  in  Figures  17,  18,  19  ,  and  20 
respectively.  Identical  compositions  are  used  for  the  red  and  green 
flare-type  and  cluster-type  signals.  The  white  burning  compositions 
differ  for  the  flare  and  cluster  type  signals . 

f.  Smoke  Composition.  Smoke  compositions  producing 
green,  red,  yellow  ,  or  violet  smokes  are  shown  in  Figures  21,  22, 

23,  and  24  respectively.  Identical  compositions  are  used  for  the  smoke 
parachute  and  smoke  streamer  signals. 

g.  Illuminant  Assembly.  The  illuminant  composition  is 
consolidated  in  a  convolute -wound  kraft  paper  case  (3*73  inches  long  by 
1.34  inch  outside  diameter),  with  bottom  case  recessed  0.5  inch,  under 

a  loading  pressure  of  7, 500  podnds  per  square  inch  with  a  stepped  ram. 
Ignition  of  the  illuminant  composition  is  assured  by  an  outer  lqyer  of  first 
fire  composition  consolidated  with  the  first  increment  of  illuminant 
composition.  Ignition  of  the  first  fire  composition  is  accomplished  by 
an  ignition  charge  and  a  quickmatch  assembly,  their  purpose  being  to  delay 
ignition  of  the  illuminant  composition  until  the  parachute  is  fully 
deployed.  (Figure  23).  A  parachute  hanger  assembly  is  attached ’to  the 
case  by  roll  crimping  the  case  over  the  anchor  plate . 
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h.  Cluster  Assembly.  The  illuminant  composition 
is  consolidated  as  individual  pellets  to  the  dimensions  shown  in 
Fugure  2 6.  In  order  to  meet  the  required  burning  time  and  light 
characteristics,  each  pellet  is  inhibited  on  the  outer  periphery 
with  glass  cloth  thermosetting  electrical  tape  (Figure  27)*  Each 
signal  contains  5  pellets.  Ignition  of  the  illuminant  composition 
is  assured  by  coating  all  exposed  surfaes  with  a  brushable  slurry 
of  first  fire  composition. 

i.  Smoke-Parachute  Canister  Assembly.  The  smoke 
composition  is  consolidated  in  a  convolute-wound  kraft  paper  case 
(3-73  inches  long  by  1.34  inches  outside  diameter)  under  a  loading 
pressure  of  4,000  pounds  per  square  inch  with  a  stepped  ram.  The 
required  smoke  cloud  is  obtained  by  providing  a  tapered  hole  through 
the  center  of  the  composition  to  allow  for  radial  burning .  A  fire 
clay  choke  at  the  base  of  the  column  physically  protects  the  smoke 
column  and  also  prevents  flaming  of  the  smoke  composition  (Figure 

28) .  The  smoke  composition  is  ignited  by  coating  all  exposed  surfaces 
with  a  first  fire  slurry.  A  parachute  hanger  assembly  is  attached  to 
the  top  of  the  canister  by  roll  crimping  the  canister  over  the  anchor 
plate. 


j.  Smoke  Streamer  Case  Assembly.  The  smoke  com¬ 
position  is  consolidated  in  the  aluminum  signal  body  under  a  load¬ 
ing  pressure  of  4,000  pounds  per  square  inch  with  a  stepped  ram. 

The  required  smoke  trail  is  obtained  by  providing  a  tapered  hole  through 
the  center  of  the  composition  to  allow  for  radial  burning.  The  burning 
composition  exits  through  eight  0-375 -inch -diameter  holes  in  the  signal 
body,  arranged  in  two  rows  Of  four  holes  located  at  the  base  of  the 
smoke  charge.  A  fire  clay  choke,  at  the  base  of  the  smoke  column 
physically  protects  the  column  and  also  prevents  flaming  of  the  smoke 
composition.  Ignition  of  the  smoke  composition  is  accomplished  by 
two  strands  of  first-fire-coated  quickmatch  running  the  length  of  the 
smoke  charge.  The  quickmatch  is  ignited  by  the  launch  expelling  charge. 
The  assembly  is  closed  off  at  the  top  by  roll  crimping  the  signal  body 
over  an  aluminum  disc  and  at  the  base  by  the  rocket  motor  (Figure  5 )  • 

k.  Parachute  Assembly.  A  circular- shaped  canopy 
made  of  nylon  cloth  with  a  diameter  of  24  inches  is  used  to  suspend  the 
illuminating  and  smoke  producing  components.  The  parachute  has  eight 
peripheral  shroud  lines  approximately  22  inches  long  made  from  nylon 
cord.  To  facilitate  proper  deployment,  the  canopy  is  pleated  at  each 
point  of  connection  to  the  shroud  lines  making  a  total  of  eight  pleats. 
All  eight  shroud  lines  are  joined  to  a  10- inch-long  beaded  suspension 
chain  through  a  coupling.  The  other  end  of  the  suspension  chain  is 
Joined  to  the  hanger  assembly  coupling.  The  parachute  is  packed  in  a 
cloth  bag  to  delay  its  deployment  until  after  the  illuminating  or  smoke 
producing  component  has  passed  by,  thus  preventing  damage  to  the  canopy 
or  shroud  lines  by  the  hot  reaction  products  (Figures  29,  30,  and  31) 
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1.  Hanger  Assembly.  The  assembly  is  attached  to  the 
illuminant  case  or  smoke  canister  by  crimping  over  an  anchor  plate.  The 
parachute  assembly  is  attached  to  a  coupling  anchored  to  the  plate  by  a 
cotter  pin. 


m.  Launch  Expelling  Charge.  1.0  gram  of  grade  A- 5 
black  powder  is  used  to  expel  the  signal  rocket  assembly  rocket  assembly 
from  the  launcher. 


n.  Signal  Expelling  Charge.  1.2  grams  of  grade  A-3 
black  powder  is  used  to  expel  tne  pafacnuxe- illuminant  assembly  from  the 
signal  body.  2.0  grams  of  grade  A-3  black  powder  is  used  to  expel  the 
illuminant  cluster  assemblies  from  the  signal  body.  1.0  gram  of  grade 
A-3  black  powder  is  used  to  expel  the  parachute-smoke  assembly  from  the 
signal  body. 

3 •  Packing  Description 

Each  signal  is  hermetically  sealed  for  shipping  and  storage  in 
an  appropriately  marked,  cylindrical  steel  shipping  container  (Figure  32) . 
The  signals  are  shipped  and  stored  in  wooden  boxes.  Each  box  when 
fully  loaded  contains  36  signals,  weighs  approximately  65  pounds  and 
requires  1.6  cubic  feet  of  space. 

4.  Operation  and  Performance  Data 

a.  Preparation  for  Use. 

(1)  After  each  signal  is  removed  from  the  shipping 
box,  its  protective  container  should  be  examined  for  possible  damage 
resulting  from  transportation  and  rough  handling.  No  attempt  should  be 
made  to  remove  the  signal  element  from  a  damaged container  since  a  pre¬ 
mature  firing  may  result  if  the  pull  ring  is  wedged  inside  the  container. 
All  seriously  damaged  signals  are  to  be  returned  to  the  appropriate 
Ordnance  Ammunition  Depot  for  disposition. 

(2)  When  the  signal  is  to  be  fired,  the  container 
is  opened  by  pulling  a  centrally  located  tear  strip  extension  until  the 
tear  strip  is  completely  pdeled  from  around  the  container.  The  signal 
is  then  removed  from  the  divided  halves  of  the  container.  Since  the 
signal  is  not  waterproof,  it  is  recommended  that  it  be  fired  immediately 
after  removal  from  the  container. 

b .  Method  of  Operation. 

(l)  After  removal  from  the  shipping  container,  the 
signal  is  fired  in  accordance  with  the  pictorial  instructions  attached 
to  the  launcher  tube,  (Figure  33)-  To  fire  the  signal,  it  is  firmly 
grasped  at  the  knurled  section  with  one  hand,  while  the  other  hand 
removes  the  aluminum  cap  at  each  end.  The  firer  is  cautioned  to  hold 
the  signal  upright  at  all  times  to  eliminate  any  potential  hazardous 
situation  if  the  signal  is  inadvertently  fired.  The  signal  is  then 
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pointed  in  the  desired  direction  of  fire  while  being  held  firmly  at 
arms  length  with  the  base  of  the  signal  at  approximately  eye  level. 

With  the  other  hand  the  user  grasps  the  pull  ring  which  is  hanging 
freely,  and  gently  pulls  the  safety  latch  to  release  the  striker 
assembly,  thereby  firing  the  primer,  which  in  turn  ignites  the  pri¬ 
mary  black  powder  expelling  charge.  Hot  gases  from  the  burning  of  this 
charge  build  up  sufficient  pressure  to  expel  the  signal  rocket  assembly 
and  ignite  the  propellant  grain  and  quickmatch  strands. 

(2)  For  the  star-parachute,  star-cluster,  and 
smoke -parachute  signals,  the  burning  quickmatch  ignites  a  delay  column. 
After  approximately  5 <7  seconds,  at  which  time  the  signal  is  at  the  apex 
of  its  flight,  the  delay  column  burns  through  and  ignites  a  second  expell¬ 
ing  charge.  This  charge  performs  two  functions:  it  ignites  and  ejects 
the  message  component.  The  star-cluster,  which  fall  freely,  burn  for 
approximately  8  seconds,  burnout  occurring  approximately  200  feet  above 
the  launch  site  when  the  signal  is  fired  vertically.  The  star-parachute 
consist  of  a  parachute-suspended  candle  which  burns  for  approximately 
50  seconds  while  descending  at  an  average  rate  of  7  feet  per  second.  The 
smoke -parachutes  consist  of  a  burning  smoke  charge  suspended  from  a  prar- 
chute.  Because  of  the  nature  and  rapidity  of  burning  (approximately  10 
seconds  duration),  a  smoke  cloud  is  produced  in  the  immediate  area  of 
ejection. 


(3)  For  the  smoke-streamer  signals,  the  burning 
quickmatch  ignites  the  smoke  composition  which  emits  a  smoke  trail  from 
launch  to  apex  of  flight. 

c.  Performance  Characteristics .  Performance  character¬ 
istics  for  the  entire  family  of  signals  are  shown  in  Table  2.  Detailed 
test  data  and  user  comments  can  be  found  in  the  following  reports 
covering  all  engineering  and  service  tests . 

DPS-375>  Nov  1961,  Aberdeen  Proving  Ground 
DPS-479,  Feb  1962,  Aberdeen  Proving  Ground 
DPS-555*  May  1962,  Aberdeen  Proving  Ground 
DPS-558,  Jun  1962,  Aberdeen  Proving  Ground 
DPS-679,  Sep  1962,  Aberdeen  Proving  Grourid 
Report  2291,  U.  S.  Army  Infantry  Board 
DPS/OTA193;  Dec  1962,  Aberdeen  Proving  Ground/Yuma 

d.  Precautions  In  Use,  Handling  and  Storage. 

IT)  Use  and  Handling-! 

a.  The  signals  are  designed  and  packed  to 
withstand  normal  rough  handling  and  will  function  satisfactorily  if 
reasonable  care  is  exercised  in  handling  them.  However,  no  attempt 
should  be  made  to  remove  a  signal  from  a  damaged  protective  container, 
or  to  fire  a  signal  from  a  damaged  launcher  tube. 


(b)  Tests  have  shown  that  the  signals  will 
fail-safe  when  subjected  to  a  jolt  test  as  per  MIL-STD-300,  jumble  test 
as  per  MIL-STD-301,  and  after  air  drop  by  malfunctioning  parachute. 

It  is  not  recommended,  however,  that  Signals  which  have  undergone  these 
tests  should  be  fired  since  hidden  dainege  may  have  been 
incurred,  thereby  creating  a  hazard  to  the  f irer . 

(c)  When  the  signals  are  fired,  regulations 
prescribed  in  AR-385-63  should  be  followed. 

(2)  Storage .  All  signals  should  be  stored  in 
accordance  with  Ordnance  Safety  Manual  0RD-M7-224  with  its  supplements 
and  amendments . 

(3)  Classification.  ICC  classification  for  shipping 
is  "SPECIAL  FIREWORKS." 

5 ■  Comparison  of  XM144  Signal  Series  To  Other  Types  of  Signals 
For  purposes  of  comparison,  the  ballistic  characteristics 
of  the  signaling  elements  for  the  XM144  Signal  Series,  M125  Signal  Series, 
M131  Distress  Signal,  Aircraft  Signals  and  Pen  Gun  Signals  are  tabulated 
in  Table  3*  Since  the  tactical  requirements  for  the  M131,  Aircraft 
Signals  and  Pen  Gun  differ,  a  direct  comparison  can  only  be  made  between 
the  XM144  and  M125  Signal  Series . 
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Figure  1  Photo  of  Shipping  Container,  Launcher  Assembly  Sc  Signal  Rocket  Assembly 
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Figure  10 
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Figure  13 
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Figure  14 
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Figure  15 
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Figure  16 
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Figure  17 
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Figure  18 
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Figure  21 
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Figure  22 
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Figure  23 


S  V  $ 


i/i' 

^  ^  »i<\iQ,  <3i  < 
t?  *>•**&; 

*  ;  :  j  -  ij 

**§  !  £ 


IKK 


£  ^S^vSl 
\  {^1^ 

5  Sttf 

i  $  vt  W  S’  >  JV 

N>  SiOSv 

<T  *$*5|0 

v  U*C  'In'S 

5  P?| 

I 

v>  S|^?^ 

s  ;s*  ^ 

3  1S?5SJ 


?  <* 
5  * 
<  I 
- ! 

S.$ 

?|| 

«*$ 

js*J 

c5  ? 

n«o  ^ 

'o*»  *4 
i  sf 

tt*£ 

$*§ 

*\'£ 

S'$S 

•os 

va>^  k 
i  Ws» 

?!$$ 

j&| 

.'.^U 

jp  i  i  i 

N^n  *> 

i 


is 


iQBQDDI 


62 


Figure  24 
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APPENDIX  A 


OTCM  37402 
APPROVED  26  MAI  60 
DEPARTMENT  OF  THE  ARMI 
Office  of  the  Chief  of  Ordnance 


JALlompart/bw/ 55684 


FROM:  The  Subcommittee  on  Infantry  and  Aircraft  Weapon  Systems 
TO:  The  Ordnance  Technical  Comnittee 

SUBJECT:  SIGNALS,  GROUND,  HAND-HELD  -  Initiation  of  Development  and 
Recording  of  Military  Characteristics  -  DA  Project  504-22- 
016  (QMS  Code  5530.12.548  F). 

1.  REFERENCES: 

a.  OTCM  32189  dated  27  May  1948 

b.  OTCM  33337  dated  9  June  1950 

c.  Ltr,  10  March  1959,  USCONARC  to  C/R&D,  ATDEV-3  400.114/32 

(10  March  1959),  Subject:  USCONARC-Approved  Revised  Military 
Characteristics  for  Signal,  Ground,  Hand-Held. 

d.  Ltr,  23  March  1959,  from  USCONARC  to  C/R&D  subject:  Draft  Revised 
MC's  for  Signals,  Ground,  Hand-Held,  Rocket  Type,  CRD^)  3664, 
00/9UI-5987. 

2.  DISCUSSION: 

a.  Reference  la  authorized  the  initiation  of  Project  504-022-016 
(TS5-5402)  for  the  purpose  of  developing  hand-held  rocket  type  signals. 

b.  Reference  1b  clarified  the  Military  Characteristics  originally 
established  for  these  signals. 

c.  Reference  I5  contained  USCONARC-approved  revised  Military 
Characteristics  for  Signal,  Ground,  Hand-Held,  which  were  approved  by 
C/R&D  in  reference  d. 

d.  Since  the  T1 33  Series  Signal  currently  being  developed  do  not 
comply  with  the  revised  military  characteristics,  USCONARC  recommended 
that  a  new  development  program  be  established  for  the  purpose  of  pro¬ 
viding  a  new  series  of  hand-held  signal  to  meet  the  revised  requirement. 

e.  The  requirement  for  EOD  tools  and  ^render  safe”  procedures  for 
these  signals  will  be  carefully  considered. 


f.  In  the  development  of  the  signals  resulting  from  this  project  all 
available  technical  intelligence  will  be  considered. 

g.  This  project  is  included  in  the  Fiscal  Year  I960  Research  and 
Development  Program. 


3.  RECOMMENDATIONS: 

The  Subcommittee  recommends  that: 

a.  The  attached  R&D  Project  Card,  ED  Form  613,  Appendix  I,  be 
approved. 

b.  The  following  nomenclatures  be  assigned: 

SIGNAL,  ILLUMINATION,  GROUND:  parachute,  green  star,  XM144 
SIGNAL,  ILLUMINATION,  GROUND:  parachute,  red  star,  XM145 
SIGNAL,  ILLUMINATION,  ®OUND:  parachute,  white  star,  XM146 

SIGNAL,  ILLUMINATI®,  GROUND:  cluster,  green  star,  ZM147 
SIGNAL,  ILLUMINATION,  GROUND:  cluster,  red  star,  XM148 
SIGNAL,  ILLUMINATION,  GROUND:  cluster,  white  star,  XM149 

SIGNAL,  SMOKE,  GROUND:  parachute,  green,  XM1 50 
SIGNAL,  SMOKE,  GROUND:  parachute,  red,  XKI51 
SIGNAL,  SMOKE,  GROUND:  parachute,  yellow,  XM152 

SIGNAL,  SMOKE,  GROUND:  streamer,  green,  XM1 53 
SIGNAL,  SMOKE,  GROUND:  streamer,  red,  XK1 54 
SIGNAL,  SMOKE,  GROUND:  streamer,  yellow,  XM155 

c.  The  development  of  the  above  signals  be  conducted  under  DA  Pro¬ 
ject  504-22-016,  OMS  5530.12.548  -  Signal,  Ground,  Hand-Held,  Rocket 
Type,  Priority  1A,  and  Technical  Objective  LC-10. 

d.  This  OTCM,  the  subject  material,  components  and  related  docu¬ 
ments  be  unclassified. 

SUBMITTED  FOR  CONSIDERATION: 


S.L.  HALL 
Col,  Ord  Corps 
Chairman,  Subcommittee 
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APPENDIX  B 


R&D  PROJECT  CARD  EXTRACTS 
4  April  1960 


20.  Requirement  and/or  Justification 

The  Continental  Army  Command  has  a  requirement  for  hand-held,  rocket 
type,  signals  that  vd.ll  attain  an  average  height  of  750  feet  and  be  able 
to  maintain  normal  functioning  after  prolonged  storage  and  handling  in 
the  field.  CDOG  Reference  939C  (2) 


21 .  a.  Brief: 

The  purpose  of  the  development  is  to  provide  signals  for  use  of 
CONARC,  which  do  not  require  weapons  or  special  adapters  for  projection. 
The  military  characteristics  are  contained  in  Inclosure  I  to  this  R&D 
Project  Card. 


b.  Approach: 

From  available  data  regarding  the  standard  Ml  31  Hand-Held  Dis¬ 
tress  Signal,  the  standard  Ml  25  Series  of  ground  signals,  and  the  T133 
Series  of  ground  signals,  establish  the  basic  design  of  a  series  of  spin 
stabilized  signals,  prepared  drawings  and  specifications. 


c.  Sub-Tasks: 

None 

d.  Other  Information: 

(1 )  Fiscal  Estimates: 


AgMI 


Period 

Total  Estimates 

RDT&E 

PM 

FI  1960 

270 

270 

0 

FI  1961 

270 

270 

0 

Total 

650 

590 

60 

(2)  Scientific  Research:  N/A 

(3)  Standardization  Item:  The  items  are  included  in  an  inter¬ 
national  standardization  program  as  reflected  by  C LSI-1 -107-17. 

(4)  .  Same  or  Related  Items:  None 

^5)  Critical  Material  or  Limitations:  None 


(6)  Specific  Review  Points:  All  phases  of  development  will  be 
reviewed  in  accordance  with  OCTI  200-2-59,  dated  1  Oct  1959* 

e.  Background  History  and  Progress: 

The  Continental  Army  Command  requested  that  a  new  series  of  sig¬ 
nals  be  developed  to  eliminate  the  deficiencies  of  and  replace  the  present 
standard  HI 25  Series  and  the  T133  Series.  The  deficiencies  to  be  eliminated 
are  erratic  flight,  smoke  and  spark  trail,  and  breaking  of  tear  strips  on 
the  packing  containers. 

f.  Future  Plans: 

(1)  To  finish  the  development  of  the  smoke  composition;  (2)  to 
conduct  static  tests  of  the  rocket  motor;  (3)  to  conduct  ballistic  tests 
of  all  signals;  (4)  to  conduct  engineering  tests  of  all  signals. 

g.  Referencesi 

(1 )  First  Partial  Report  of  U.S.  Arm y  Infantry  Board,  Project 
M.2705,  Service  Test  of  Signals,  Ground,  Hand-Held  (DA  Project  5504-22-0.6). 

(2)  Aberdeen  Proving  Ground  Fixing  Records  B-1 4006-B-1 401 0  cover¬ 
ing  tests  of  Hand-Held  Rocket  Type  Ground  Signals  Til 3,  T134,  T135,  T137 
and  T138,  dated  17-30  October  1956. 

(3)  Ltr,  10  Mar  59,  USCOHARC  to  c/MD,  ATDBV-3-400: 114/32,  sub¬ 
ject:  USCONARC  -  Approved  Revised  Military  Characteristics  for  Signals, 
Ground  Hand-Held. 
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APPENDIX  C 


USCONARC-APr ROVED  REVISED  MILITARY  CHARACTERISTICS 

FOR 

SIGNALS,  (SOUND,  HAND-HELD 
I  -  GENERAL 


1 .  Requirement 

A  hand-held  device  capable  of  projecting  streamer-type,  light,  and 
smoke  pyrotechnic  devices  to  a  height  of  750  feet  to  replace  standard 
projecting  devices.  This  device  will  be  utilized  for  visual  signaling 
by  airborne  and  other  combat  troops  as  personnel  assembly  aids,  site 
markings,  and  for  ground-to-ground  and  ground-to-air  signaling  in  com¬ 
bat  operations. 

2.  Operational  concept 

The  signals  will  be  employed  by  Army  ground  units  for  visual  ground- 
to-ground  and  ground-to-air  signaling  and  to  provide  temporary  close-in 
illumination  for  individuals  and  small  units. 

3.  Organizational  concept 

The  signals  will  replace  those  combat  signals  that  require  weapons 
or  devices  for  projection  and  the  current  family  of  rocket-type,  hand¬ 
held  signals. 

4.  Consideration  of  tripartite.  Navy,  Air  Force,  and  Marine  Corps 
development  activities 

Coordination  will  be  effected  with  all  interested  agencies  and  will 
include  the  United  States  Marine  Corps,  United  Kingdom,  and  Canada. 

5.  Feasibility  of  development 

If,  during  the  development  phase,  it  appears  to  the  development 
agency  that  the  characteristics  listed  herein  require  the  incorporation 
of  certain  impractical  features  or  unnecessarily  expensive  and  compli¬ 
cated  components  or  devices,  costly  manufacturing  methods  and  processes, 
critical  materials  or  restrictive  specifications  which  serve  as  a  detri¬ 
ment  to  the  military  value  of  the  item,  such  matters  will  be  brought  to 
the  attention  of  the  Chief  of  Research  and  Development,  Department  of 
the  Army,  and  CONARC  Hdqtrs,  for  careful  consideration  before  incorporation 
in  a  final  design. 

6.  Background 

a.  In  1947  Army  Field  Forces  conducted  a  limited  evaluation  of  hand¬ 
held,  rocket-type  signals  and  concluded  that  pyrotechnics  which  did  not 
require  a  weapon  or  special  projector  were  a  decided  improvex.ent  over 


standard  signals  that  were  weapon  launched.  Military  characteristics 
for  those  signals  were  approved  in  1948  and  revised  in  1950.  After 
completion  of  the  initial  service  test  in  1952  signals  in  series  T71 
through  T76  were  classified  as  standard  type  and  designated  Ml 25 
through  Ml 30.  Subsequent  to  classification  as  standard  type  of  this 
series  of  signals,  development  of  additional  signals,  designated  T133 
through  T138,  was  initiated. 

b.  Erratic  performance  in  production  lots  of  the  M127  signal 
(white  star  parachute)  in  1954  led  to  suspension  from  issue  of  all 
types  of  hand-held  signals.  In  subsequent  testing  certain  lots  of 
modified  standard-type  signals  have  been  found  acceptable  for  Army  use 
on  an  interim-basis.  Efforts  are  continuing  to  improve  performance  of 
the  adopted-type  signals  and  to  complete  development  and  testing  of 
the  remainder  of  the  interim  family  of  hand-held  signals  at  an  early 
date. 


c.  Those  military  characteristics  supersede  those  recorded  by 
Ordnance  Technical  Committee  Item  Mo.  32189,  5  May  1948,  as  revised  by 
Ordnance  Technical  Committee  Item  No.  33337,  9  June  1950. 

II-0FERATI0NAL  CHARACTERISTICS 


7.  Configuration 

a]  Weight  (complete)  shall  not  exceed  1.2  pounds. 

b.  Length  (complete)  shall  not  exceed  9.5  inches. 

c.  Diameter  shall  not  exceed  2  inches. 

8.  The  signals  shall  be  provided  in  the  following  types  and  colors: 

a.  Light  producing  signals: 

Red  Star  Cluster 
Green  Star  Cluster 
White  Star  Cluster 
Red  Star  Parachute 
Green  Star  Parachute 
White  Star  Parachute 

b.  Smoke  producing  signals: 

Red  Smoke  Parachute 
Green  Smoke  Parachute 
Yellow  Smoke  Parachute 
Red  Smoke  Streamer 
Green  Smoke  Streamer 
Yellow  Stoioke  Streamer 
Violet  Smoke  Parachute 
Violet  Smoke  Streamer 
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9.  Performance 

a.  The  signal  shall  be  capable  of  projection  by  hand,  without  danger 
to  the  firer,  and  without  the  use  of  a  weapon  or  special  adapter. 

b.  The  noise  and  recoil  produced  by  firing  shall  be  kept  to  the 
minimum  possible  and  shall  not  cause  undue  discomfort  to  the  firer. 

c.  The  ignition  of  the  signal  element  shall  begin  at  approximately 
the  zenith  of  flight  when  launched  at  an  angle  of  approximately  90°  from 
the  horizontal,  except  for  smoke  streamer-type  signals,  in  which  ignition 
shall  begin  at  the  minimum  safe  distance  from  the  firer. 

d.  The  noise,  smoke, and  flash  resulting  from  the  firing  of  the  sig¬ 
nals  shall  be  the  minimum  practicable,  and,  excpet  for  smoke  streamer 
signals,  shall  make  no  smoke,  flash,  or  luminous  trail  which  would  dis¬ 
close  the  position  of  the  firer.  It  is  desirable  that  smoke  and  flash 
produced  by  firing  the  signal  be  indi scernable  to  ground  observers  at  all 
ranges  in  daylight  and  darkness,  and  mandatory  that  they  be  indiscernable 
at  ranges  greater  than  1,000  yards  (except  for  Smoke  Streamer  Signals). 

e.  Both  light  and  smoke  producing  signals  shall  have  sharp  color 
definition  and  be  easily  distinguishable. 

f.  Smoke  parachute  signals  shall  have  a  minimum  duration  of  usable 
visibility  of  60  seconds. 

g.  Flare  signals  (parachute-type)  shall  have  a  minimum  burning  time 
of  40  seconds  with  60  seconds  desired. 

h.  The  White  Star  Parachute  Signal  shall  be  an  illuminating  flare. 

It  shall  produce  a  white  light  of  a  minimum  of  45,000  candlepower  and 
have  a  minimum  burning  time  of  40  seconds.  60,000-100,000  candlepower 
and  60  seconds  burning  time  is  highly  desirable.  When  projected  at  an 
elevation  of  45°,  it  shall  burst  in  the  air  at  a  horizontal  range  of 
between  620  and  790  feet  at  a  height  of  500  to  450  feet. 

i.  Cluster-type  signals  producing  green,  red,  or  white  stars  shall 
have  a  burning  time  of  approximately  8  seconds, 

j.  Streamer-type  signals  shall  emit  green,  red,  violet,  or  yellow 
smoke  at  a  safe  distance  from  the  firer  and  continue  to  emit  smoke  to 
ground  impact. 

k.  Compliance  with  the  visibility  and  smoke  cloud  requirement  shall 
be  determined  in  clear  weather  with  wind  velocity  not  greeter  than  10 
miles  per  hour. 

l.  Parachute-suspended  signals  shall  not  descent  at  a  rate  faster 
than  7  feet  per  second. 
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a.  The  signals  shall  be  stable  in  flight  and  shall  not  depart  more 
than  1CP  from  the  intended  direction  of  flight. 

n.  The  signals  shall  be  able  to  attain  an  average  height  of  750  feet 
when  fired  vertically.  Tolerance  in  height  shall  not  exceed  plus  or 
minus  75  feet. 

o.  The  signals  shall  be  visible  and  colors  distinguishable  to  an  air 
observer  on  a  clear  (with  aerial  visibility  not  less  than  10  miles) 
cloudless  day  against  a  contrasting  background  from  a  height  of  6,000 
feet  at  a  slant  range  of  5  miles. 

p.  The  signals  shall  be  safe  in  storage,  transporting,  handling,  and 
firing. 

q.  The  signals  shall  be  sufficiently  durable  to  withstand  the  shocks 
incurred  in  parachute  delivery  when  secured  to  a  parachutist  and  when 
dropped  by  parachute  in  aerial  delivery  containers,  provided  normal  pre¬ 
cautions  are  taken  in  packing  to  protect  the  signals  from  undue  damage. 
The  signals  must  be  safe  to  handle  and  fire  after  drop  by  malfunctioning 
parachute  provided  no  visible  damage  has  been  sustained. 

r.  The  signal  and  signal  container  must  be  so  designed  that  the  con¬ 
tainer  can  be  opened  and  the  signal  removed  and  fired  by  a  man  wearing 
cold-weather  clothing. 

8.  Signal  performance  shall  not  be  dependent  on  selection  and  train¬ 
ing  of  firers. 

t.  Instructions  for  firing  shall  be  clearly  marked  on  the  container 
or  signal. 

u.  The  signal  and  signal  container  shall  be  so  marked  as  to  permit 
easy  identification  of  type  and  color  of  signal. 

10.  PlffiabiUtt  and  reWll.ltz 

The  signals  shall  be  sufficiently  durable  to  withstand  the  abuse 
normally  encountered  in  combat,  to  include  prolonged  exposed  storage 
and  frequent  handling  in  the  field. 

in sE&uLMmsmmisz 

11.  Enviromental  operating  requirements 

a.  Shall  be  capable  of  satisfactory  performance  under  the  basic 
extreme  cold  weather  and  extreme  hot  weather  operating  conditions  as 
specified  in  AH  705-15. 
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b.  Shall  be  capable  of  safe  storage  and  transportation  without 
permanent  impairment  of  its  capabilities  from  the  effects  of  extreme 
conditions  as  specified  in  subparagraph  7d,  AR  705-15*  14  August  1957. 

c.  Shall  be  immersion  proof  to  the  extent  specified  in  ABC  Army 
Standard  Nr  13,  10  April  1952. 

12.  CBR  and  atomic  requirements 

The  signals  shall  be  designed  to  facilitate  rapid  decontamination 
from  CBR  and  atomic  contamination. 

13«  Kit  requirements  -  None 

14.  Maintenance  and  interchangeability  requirements  -  None. 

The  signals  shall  be  expendable. 

1 5.  Human  engineering 

Hunan  engineering  is  required. 

17  -  ORDER  OF  PRIORITY  OF  CHARACTERISTICS 

16.  In  case  of  competing  essential  characteristics,  the  developing 
agency  will  give  priority  in  the  below  listed  order: 

a.  Performance 

b.  Durability  and  Reliability 

c.  Weight  and  bulk 

d.  Simplicity  of  operation 


y  -  TO1S  T  g 
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17.  These  signals  will  supersede  the  current  family  of  Signals, 
Ground,  Hand-Held,  Rocket-Type,  and  all  other  combat  signals 
requiring  a  weapon  or  special  device  for  projection. 
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